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INTRODUCTION 


IMPORTANCE OF FOREST PLANTING IN THE LAKE STATES 


It is estimated that there is in Minnesota, Wisconsin, and Michigan 
a total area of about 20,000,000 acres of land better suited to the 
erowing of forests than to any other purpose and which because of 
repeated logging, burning, or both now bears no valuable forest 
growth. Most of it must “be planted before forests will grow upon 
it. The enormous size of this denuded area, about one- third of the 
total forest land of the region, is the strongest evidence of the 
necessity for reforestation. 
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What reforestation has as yet been done represents only a start in 
the right direction. Up to and including 1926, only 0.83 per cent of 
the area had been planted. Even at the rate of 15 000 acres a year, 
the area planted in 1926, more than 1,300 years would be required to 
reforest the 20,000,000 acres. No region can afford to have so large 
an area of land lying idle for centuries. But to remedy this situa- 
tion a large and continued expansion of forest planting by all agen- 
cies in each of the States is essential. 

The area in need of reforestation undoubtedly includes some lands 
on which more or less natural tree growth has already started. As 
the fire-protection work of the States and other organizations be- 
comes more effective the scattered seedling trees escape destruction 
and live, grow, and increase in number. Tf these lands were to be 
protected for a sufficient period, a large part of them undoubtedly 
would restock with trees naturally, although chiefly with inferior 
kinds and those of low value. Here better fire protection will help 
and is essential, but it can not be said to offer a solution for all these 
idle lands. The process of natural restocking would be so slow that 
the owners, whether public or private, could better afford to plant 
the lands than suffer the loss from holding them unproductive for so 
many years. Under present conditions any decrease in the area in 
need of planting as a result of natural reforestation tends to be 
equaled or exceeded by the areas cut over and burned annually. 


THE REGION AND ITS PHYSICAL CHARACTERISTICS 


The land in need of reforestation to which this bulletin applies 
(fig. 1), les in the northern two-thirds of the States of Michigan, 
Wisconsin, and Minnesota. It includes the area north of a line from 
Saginaw Bay, in Michigan, westward through Sheboygan, Wis., 
thence northwestward through St. Croix Falls, Wis., to Wadena, 
Minn., and northward to Thief River Falls and the Canadian bound- 
ary. This is the region from which the famous white pine lumber 
of the Lake States came, and which more recently has produced and 
continues to produce a large quantity of sugar maple, eastern hem- 
lock, basswood, yellow birch, beech; spruces, balsam fir, and jack 
pine. It does ‘not include the southern parts of the three States, 
where oaks, hickories, and maples are the characteristic trees usually 
occurring as small woodland areas on farms. The planting prob- 
lems of the southern area of the Lake States are not the same as those 
of the north; they have already been covered to some extent in several 
published reports (2,1 6, 13, 14, 32, 33, 34, 38, 60, 65, 68, 69, 78). 

The chmate, topography, andl soil, although varying locally, are 
for the region as a whole comparably uniform. The “precipitation 
ranges from about 25 inches annually in parts of lower Michigan and 
western Minnesota to 40 inches in northwestern Wisconsin. For 
most of the region it is between 30 and 35 inches annually, of which 
20 to 25 inches falls during the growing season from April 1 to 
September 30. The snowfall increases northward and is noticeably 
heavier and remains on the ground longer in the region of Lake 
Superior and in northern Minnesota than elsewhere in the region. 


1 Reference is made by italic numbers in parentheses to literature cited, p. 83. 
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For example, the annual snowfall at Marquette, Mich., is 117 inches, 
as compared with 44 inches at Saginaw. The irregular occurrence 
most commonly in spring and fall, of drought periods of 10 to 20 or 
30, days, with little or no rain, is characteristic. This is apparently 
a more important factor in forest planting than the quantity or dis- 
tribution of annual or seasonal precipitation in the region. 
Temperatures tend to be lower in the northwestern part than in the 
southeastern part of the region. The annual average at Interna- 
tional Falls, Minn., is 35° ine as compared with 46° at Saginaw, 
Mich. Maxima of 90° to 100° are recorded throughout the region 
almost every summer. The effects of different temperatures, how- 
ever on the length of the growing season, on the amount of frost 
damage, or on the damage from excessive heating of the seedlings 
do not appear to be noticeably different in any part of the region. 


igure 1.—The northern Lake States region 


Three zones of natural forest growth may be distinguished: (1) 
The spruce-fir forests of the north, (2) the maple-basswood-hem- 
lock and Norway pine-jack pine forests of the central zone, and (3) 
the white pine-oak-maple forests of the southern zone. The tree 
species which have been planted most extensively and which are 
best suited for planting in the region as a whole, succeed in all three 
of these zones. 

The topography of the region varies locally, but does not serve 
to distinguish any one large portion from another, with the possible 
exception of the triangular area in northeastern Minnesota where 
in many places the bedrock is exposed or is covered with only a thin 
layer of soil. The rest of the region is overlaid by comparatively 
thick glacial deposits, which form the confusing array of hills and 
valleys, plains, ridges, swamps, and lakes characteristic of the region, 
and which have much to do with the character of the soil. 

Differences in the soil underlie the differences in the natural forest 
growth and are equally important in forest planting. The soils vary 
widely, from the droughty dune, beach, and outwash sands to the 
clays of the old lake beds and the mucks and peats of the swamps. 


4 BULLETIN 1497, U. S. DEPARTMENT OF AGRICULTURE 


Most of the soils of the area in need of reforestation, however, are 
sandy or loamy and often also rocky or gravelly. Many soil types 
have been recognized in the soil surveys, but in more detail than is 
necessary in discussing forest planting on the basis of experience to 
date. The different types may be found so close together in any part 
of the region that their differences serve rather as the basis for local 
distinctions than for broad treatment, as between north and south 
or east and west. Broad distinctions will be made, however, be- 
tween the dry, sandy soils occupied naturally by jack pine or oaks, 
at one extreme, and the loamy soils at the other with their better 
conditions of moisture and fertility. The heavier soils are or have 
been characterized by natural growth of northern white pine, sugar 
maple, basswood, yellow birch, “beech, eastern hemlock, white spruce 
or aspen. The swamps, with their natural growth of black spruce, 
tamarack, northern white cedar, and other species, form a separate 
soil division of the region; but as little or no planting has been done 
in the swamps, they offer no foundation for a discussion of planting. 
Soil distinctions are important considerations in any reforestation 
policy for two reasons. They not only influence the success or 
failure of the trees which are planted, and often determine the kinds 
of trees which should be selected for planting, but they also deter- 
mine primarily to what uses the land will be put. Torest planting 
and growth is a form of land use just as much as the growing of any 
other crop and is subject to the same economic principles. Much of 
the 20,000,000 acres of unproductive land in the Lake States 1s so 
sandy, stony, or rough that it is difficult or impossible to grow 
agricultural crops upon it. Those portions which might produce 
interior agricultural crops will not be needed for that purpose for 
many years, or until the large areas of land better suited for agri- 
cultural crops have been utilized. Meanwhile they can be used 
profitably for growing a crop of timber. When the timber crop is 
harvested, they may be converted into agricultural use if the demand 
at that time justifies it, but it is at least an open question whether 
such lands may not always be more profitable for timber growing. 


p) 


THE ESSENTIALS OF A PLANTING POLICY 


The fact that the present reforestation programs are inadequate 
to make productive in any reasonable period of time the 20,000,000 
acres of denuded forest land in the Lake States is sufficient evidence 
of the need of planting and of a reforestation policy for these lands. 
(Pl. 1, A.) The area as a whole, or even the area in each State, is 
so lar oe that no one agency, be it State, Federal, or private, can solve 
the problem alone. Any successful policy must provide for action 
individually and cooperatively by all three agencies. 

The essentials of a planting policy are: (1) A survey of lands 
in need of planting to determine area, location, ownership, condition, 
and value for planting; (2) effective fire protection for lands to be 
planted; (3) the planting of publicly owned lands by public agencies; 
(4) the expansion of public- planting programs, including the | acquisi- 
tion of additional lands to be planted; “and (5) encouragement of 
counties, towns, and private agencies in forest planting by the 
Federal and State Governments, | through advice to owners, the dis- 
tribution of planting stock, possible modification of taxes on land 
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devoted to the growing of forests, provision of cheap, long-time 
credit, and cooperative arrangements between owners and the States. 

For the formation of such a policy public interest in reforestation 
and timber growing is not lacking; it has, indeed, increased rapidly 
in the last few years. A widespread sentiment is favorable to re- 
forestation, but it has not yet crystallized. Perhaps the principal 
need is for planting facts upon which to base a policy. This study 
of forest planting in the region has therefore been undertaken with 
the purpose of furnishing such information. An attempt will be 
made to answer such questions as these: What kinds of lands should 
be planted, and what kinds of lands, if any, should not be planted ? 
What kinds of trees are most likely to succeed on the different soils? 
What sizes of trees should be used for planting? When should the 
trees be planted? How should they be planted? What kinds of 
trees are most profitable to plant? Does planting pay? 

In an attempt to answer these questions, about 400 different plan- 
tations, most of them between 5 and 20 years old, were examined dur- 
ing 1924. Counts end measurements were made of their success and 
growth, and all available facts of their history and environment 
were gathered.2 Although the evidence from different plantations 
is sometimes conflicting, nevertheless the foregoing questions may be 
answered with some confidence. 


HISTORY OF FOREST PLANTING IN THE REGION 


Forest planting is ordinarily for the purpose of producing timber 
crops. In the Lake States the State and Federal Forest Services have 
planted with this purpose. Most of the plantations have been made 
on public lands set apart as State or national forests for the primary 
purpose of growing timber. Considerable areas have been planted in 
solid blocks, and there is every evidence that they will provide a sub- 
stantial supply of timber products for local or general industries 
when the trees reach merchantable size. In addition to planting 
State-owned lands, the States have raised forest planting stock in 
large quantities for distribution at cost to companies and individuals 
for planting on private lands. 

Planting by private owners, whether companies or individuals, 
has usually been on a small scale, however, and in the nature of trials 
of feasibility rather than of serious attempts to provide a future 
supply of timber. There is each year an increasing demand for 
forest planting stock, but 1t comes chiefly from farmers and small 
landowners who plant only a few hundred trees or at most a few 
acres. ‘These small plantings are desirable and should be encour- 
aged, but with a few exceptions they have not been continued long 
enough cr developed on a large enough scale to provide for future 
timber supplies in workable units or to maintain a supply of raw 


2The cooperation of the many persons who willingly assisted and made possible this 
patt of the study is gratefully acknowledged. Particularly, mention should be made of 
the help of F. G. Wilson, of the Wisconsin Department of Conservation ; of Marcus Schaaf, 
State forester of Michigan; of the custodians of the State forests in Michigan; of the 
members of the Minnesota Forest Service and of the national forests in Michigan and 
Minnesota. Special acknowledgment is also made to H. C. Hilton. formerly supervisor 
of the Michigan National Forest, whose unpublished manuscript of 1920 on forest planting 
on the sandy plains of the Lake States has been helpful in the preparation of this report, 
and to Raphael Zon, whose inspiring advice and encouragement throughout the work have 
been invaluable, 
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material for woodworking plants. Even companies with large in- 
vestments in wood-using plants, like the pulp and paper mills which 
require a continued supply of timber for a long period of years to 
justify their investment, have not yet undertaken forest planting 
operations for timber production. 


AREAS PLANTED 


The first forest planting in the northern part of the Lake States 

was done in experimental plantations established in 1888 at Grayling, 
and Oscoda, Mich., by the Michigan Agricultural College, and at 
Grand Rapids, Minn. in 1898, by the Minnesota Agr icultural Col- 
lege. A few private. companies or individuals did a little forest 
planting i in 1903, 1904, and 1905. A little planting was done on the 
Higeins Lake State Forest in Michigan as early as 1904. In 1910 
and 1911 the State of Wisconsin began planting operations, and the 
Federal Government made a similar ‘be ginning on the national forests 
in Michigan and Minnesota. At the same time Michigan expanded 
its planting program. But the main part of the planting has been 
done since 1915. 

The total area planted up to and including 1926 in the three Lake 
States, excepting the prairie region of southern and western Minne- 
sota, was about 74,000 acres. Of this 39 000 acres were planted by 
the States, 27,000 by the Federal Government on the Michigan and 
Minnesota National Forests, and possibly 8,000 by private owners. 
The State of Michigan alone has planted nearly 34,000 acres on the 
State forests, while Wisconsin and Minnesota have planted 3,300 
and 2,000 acres, respectively. The area planted annually has in- 
creased. In 1923, 4,000 acres were planted; in 1924, the total ex- 
ceeded 10,000; in 1925 it almost reached 12,000, and in 1926, 15,000 
acres were planted. 

KINDS OF TREES PLANTED 3 


If the total area planted in the northern part of the Lake States 
be subdivided on the basis of the proportion of different kinds of 
trees used, it appears that 60 per cent has been planted to Norway 
pine, 25 per cent to northern white pine, 7 per cent to jack pine, 
5 per cent to Scotch pine, 1 per cent each to Norway and white 
spruce, and 1 per cent to all other kinds. These other kinds include 
European larch, Austrian pine, western yellow pine, red oak, white 
ash, Douglas fir, northern white cedar, basswood, tamarack, sugar 
maple, lodgepole pine, box elder, oreen ash, Russian poplar, paper 
birch, red maple, hardy catalpa, black locust, balsam upOpERE, eastern 
cottonwood, silver maple, beech, American elm, eastern red cedar, 
red, blue, and Engelmann spruce, honey locust, ‘western white pine, 
noble fir, black cherry, and yellow birch. Black walnut and yellow 
poplar are not hardy in the Northern Lake States, although they 
do well in the southern parts of Michigan and Wisconsin. None of 
these species has been tried out thoroughly under different conditions 
of soil and site, so that it can not be said finally that any of them are 
unsuited to planting in the region. On the other hand, the only ones 
which have so far proved successful in the northern part of the 


3The scientific names of the species mentioned in this bulletin will be found listed in 
: 
the appendix. 
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region, as judged by survival and growth, are Norway, northern 
white, jack, and Scotch pine, Norway and white spruce, eastern 
cottonwood, Russian poplar, box elder, and white and green ash. 
The four latter species have been successtully planted only where 
they received cultivation at the time of and after planting, and it is 
not certain that they would be successful without some cultivation. 

Indications of the relative desirability of 27 different kinds of 
trees for planting under GOTERE ons similar to those in the Northern 
Lake States, obtained from plantations 38 and 45 years old_at 
Ottawa and Guelph, Ontario, are given in the tabulation below. The 
plantings at Ottawa were described and preliminary conclusions were 
drawn in 1903 (46). The trees at both places were planted in good 
soils varying from sandy to clay loam and the soils were cultivated 
before and after planting. 


Most successful : Moderately successful : Unsatisfactory : 
European larch. Red oak. Silver maple. 
Scoteh pine. American elm. Black locust. 
White spruce. Bur oak. Butternut. 
Austrian pine. Balsam fir. Black walnut. 
Paper birch. Sugar maple. Basswood. 
Norway spruce. Yellow birch. Box elder. 
Northern white pine. Northern white cedar. Winged elm. 
Green ash. Black cherry. Hastern hemlock. 
White ash. Hardy eatalpa. 


Sycamore maple. 


On these good, cultivated soils all the most successful kinds—and 
of the moderately successful, red oak, American elm, and sugar 
maple—made excellent growth. Austrian pine, northern white pine, 
and Norway spruce had the lar gest. diameters, and paper birch, Nor- 
way spruce, and European larch the createst heights at Ottawa. 
Kuropean larch excelled in both diameter and height growth at 
Guelph. Unfortunately Norway and jack pine were not included 
in these plantations. ‘The relative success of the species in the dif- 
ferent groups is likely to be applicable in the selection of species to 
plant in the Lake States, provided the plantations are on good soils 
and are cultivated. F urthermore, it may be safely concluded that 
the species which proved unsatisfactory under these favorable con- 
ditions at Ottawa and Guelph are not likely to do well in the north- 
ern Great Lakes region. 

Seventy-five per cent of the planting in the Lake States has been 
done on the sandy soils which are naturally droughty and on which 
repeated fires have destro yea the surface layer of leaf litter and ex- 
posed the soil to the most severe evaporation and heating. ‘The 
available planting data may thus be considered incomplete to the 
extent that they give relatively little evidence of the possibilities 
on the heavier loamy soils for trees that have failed on the sands. 


SURVIVAL OF DIFFERENT KINDS OF TREES 


If the results of planting are analyzed on the basis of the per- 
centage of trees still living in the plantations, it is found that for 
all kinds and in all three States there are only 14 per centaor, fam 7% 
of the plantations in which less than 30 per cent of the trees are 
living and which must therefore be considered unsatisfactory. The 


percentages of the different species that have failed in the planta- 
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tions as a whole are as follows: Norway spruce, 7 per cent; northern 
white pine, 8 per cent; Scotch pine, 10 per cent; jack pine, 12 per 
cent; Norway pine, 19 per cent; white spruce, 45 per cent;* and 
European larch, 50 per cent. 

Expressed in another way, the average survival for 145 Norway 
pine plantations was 56 per cent; for 123 northern white pine planta- 
tions, 57 per cent; and for 67 jack pine plantations, 56 per cent. 


PRESENT PLANTING PRACTICE 


Past experience in forest planting in the Lake States is sufficient 
to demonstrate satisfactory technic. Differences in planting practice 
between the different organizations now engaged in forest planting 
in the region are due to the fact that two or three methods give 
closely comparable and satisfactory results. The basis of planting 
technic is a thorough understanding of species and seasons for 
planting, the size and age of the trees to be planted, the best methods 
of planting, the space between the trees or the number of trees which 
should be set out to the acre, and the species which should be planted 
together. 

These older plantations, with an average of 56 per cent of the 
trees living, were set out when planting methods were not as well 
developed as they have been more recently. On some 5,000 acres of 
the Huron National Forest and on 14,000 acres of the State 
forests in Michigan more recent plantations have an average sur- 
vival of 85 per cent. This figure undoubtedly represents more accu- 
rately the degree of success which is being attained and which may 
be expected in forest planting in the northern Lake States. 


DIRECT SEEDING 


The sowing of seed in seed spots or broadcast on the planting 
sites (20) has been thoroughly tested in the Lake States. About 
the time the first plantings were made, direct seeding of Norway, 
northern white, and Scotch pine and red oak was tried, but without 
sufficient success to justify its continuance. On some plantations a 
few trees survived, but most of them were complete failures. The 
poor results in Michigan (52) were attributed to the effects of hot, 
dry weather upon the small seedlings on the open sandy soils. 
Rodents were apparently not responsible, since seed treated with sub- 
stances poisonous to rodents gave no better results than untreated 
seed. As a result of these failures, direct sowing in the region has 
been abandoned as a means of establishing plantations. 

There are examples, however, in this and adjacent regions of suc- 
cessful reforestation by sowing the seed directly on the planting 
site. At the Petawawa Forest Experiment Station in Ontario 
northern white pine seed was sowed in spots under three 40-year- 
old stands having, respectively, 1,715, 1,278, and 600 aspen, paper 
birch, and other trees to the acre. After two years there were, re- 
spectively, 320, 1,600, and 8,075 living white pine seedlings (54, 73). 


4The showing of white spruce is, however, probably not indicative for that species, for 
almost all of the white spruce planting has been done in Minnesota, where during the 
last few years the damage to small trees by snowshoe rabbits has been excessive. The 
white spruce plantations in Michigan and Wisconsin, where rabbit damage was not serious, 
have from 68 to 98 per cent of the trees living. 
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THE REDEMPTION OF FOREST LAND IN THE LAKE STATES 


A.—Land sadly in need of planting; the kind which makes forest planting a problem. 


B.—Planted Norway pines growing splendidly on poor sandy soil which had been cultivated for 
farming and abandoned. 


C.—Northern white pine eight years after planting on cultivated soil at Grand Rapids, Minn. 
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In southern Ontario, red oak acorns were sowed in the fall in 
furrows about 4 inches deep in a fine sandy soil and covered by drag- 
ging across the furrows. About 50 per cent came up. The trees 
were cultivated two years after sowing and averaged 5 feet high 
five seasons after planting. Seed-spot sowing of red oak has also 
been successful in Ohio (60). 

Norway, northern white, and Scotch pine were sowed in seed spots 
by the Cloquet station (47) with moderate success. Best results 
were obtained in fall sowings under a stand of jack pine where the 
shade was found to be an advantage. On brushy, cut-over sites the 
smothering by leaves of the seedlings in the seed spots more than 
counteracted the benefits of the shade. 

ithough direct seeding may occasionally result in satisfactory 
establishment of seedlings, it is much more likely to fail. As a 
means of reforestation, its use is not recommended. 


TYPICAL SITES FOR PLANTING 


Differences in soil are chiefly responsible for the necessity of con- 
sidering where to plant and what to plant in the northern Lake 
States. Variations within areas even as small as 20 to 40 acres 
may be so marked as to require a combination of two or more dis- 
tinct planting plans. The natural tree and plant growth on the 
different soils are so closely related to the soil conditions that, when 
considered in connection with the original forest growth which was 
on the same area, they usually offer a more convenient means of 
describing and deciding on a planting plan than would a detailed 
examination of the soil. 

In discussing planting sites, five different conditions will be dis- 
tinguished : 


1. The dry sandy lands with some tree growth of jack pine or scarlet or 
jack oak, and with Llttle or no paper birch, pin cherry, or hazelnut (Corylus 
rostrata Ait. and OC. americana Wait.). These lands were originally occupied 
by Norway pine or jack pine. They include the poor sites for Norway pine 
and the poor and medium sites for jack pine. Bare areas of blow sand, beach 
sand, and sand dwnes are included in this group. 

2. The sandy or sandy loam scils more retentive of moisture than those of 
the first group and having no jack pine, little or no scarlet or jack oak, but 
often paper birch or pin cherry. In distinction from the third class, they 
have no basswood, sugar maple, or raspberry (Rubus idaeus var. aculeatissimus 
[C. A. Mey] Regel and Tiling). Most of the cutover land which grew northern 
white pine or mixtures of northern white and Norway pine is in this class. 
It includes the good sites for jack pine, the medium and good sites for Norway 
pine, and the poor, medium, and some of the good sites for northern white 
pine and white spruce. 

3. The loam or heavier soils with growth of basswood, sugar maple, or 
raspberry, and without sweet fern (Comptonia asplenifolia Banks) or blue- 
berry (Vaccinium pennsylvanicum Lam.). The lands now or formerly occu- 
pied by Sugar maple, eastern hemlock, basswood, yellow birch, or beech in 
different mixtures are in this class. It includes chiefly the good sites for 
northern white pine and white spruce. 

4, Cultivated lands, whether they have been cultivated and abandoned years 
ago, or whether they are cleared and cultivated at the time of tree planting. 
The beneficial effect of clearing and cultivation of the ground on the planted 
trees is so marked in any and al! soils that areas so treated must be considered 
as particularly favorable sites for planting. (Pl. 1, B.) 

5. The swamps with wet muck or peat soils and forest growth of tamarack, 
northern white cedar, black ash, black spruce, or alder. 
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In addition to serving as a site indicator, the cover, composed of 
natural tree or other growth already on the area, directly affects the 
success of planting and must be considered in this light in the selec- 
tion of a planting site. At one extreme are the cleared and culti- 
vated lands which have already been considered separately. As 
natural tree growth increases, the plan for planting must be modi- 
fied so that trees may be planted which are best adapted to meet 
the competition. Ordinarily, an area of which more than 40 per 
cent is occupied by natural tree growth requires a different plan from 
that for the same area with less than 40 per cent of tree cover. 
Where planting is done under a natural tree growth which occupies 
more than 40 per cent of an area, frequently called “ underplanting,” 
the trees should be planted in the openings wherever possible, and 
not close under the crowns of the larger trees. 


CONSIDERATIONS IN SELECTING SPECIES TO PLANT 


In selecting the kinds of trees to plant, there are five major con- 
siderations: (1) Their adaptability to the planting site; (2) the 
use for which the wood crop is desired; (3) the rate of growth; (4) 
the value of the wood products; and (5) their susceptibility to dam- 
age by insects, diseases, or other causes. 


ADAPTABILITY TO PLANTING SITE 


In choosing trees adapted to a planting site, as a general rule plant 
those kinds which are growing or have grown naturally, or have been 
planted successfully, on the same site. Largely on this basis certain 
species may be recommended for each of the sites distinguished pre- 
viously. (Table 1.) For the jack pine-oak sandy soils, Norway pine 
and jack pine are the two species recommended. If bare sands are 
to be planted jack pine is the most promising species, reinforced if 
further movement of the sand seems likely by eastern cottonwood and 
willows (33, 66). If there is more than 50 per cent cover of natural 
jack pine planting will usually be unnecessary and undesirable. If 
the cover is of oak, however, the planting of Norway pine and north- 
ern white pine is likely to give the best results. 


TABLE 1.—Kinds of trees to plant on different sites 


Species to plant according to the degree of natural tree growth on 
the area 


Site 1 
Less than 40 per cent More than 40 per cent 
Jack pineé—oak SANUS sees ee ae Norway pine and jack pine_______- Norway pine and northern 


white pine. 
Better sands or sandy loam soils | Norway pine, northern white | Northern white pine and 


without jack pine or raspberry; pine, white spruce, and red oak. white spruce. 
usually with paper birch or pin 
cherry. 
Loam soils with sugar maple, bass- | Norway pine, northern white 
wood, or raspberry. pine, white spruce, white ash, 


green ash, and red oak. 


1 Too little is known about swamp planting to make specific reeommendations. The cleared and culti~ 
vated soils are not shown as a separate site in this table because the species to plant on them are the same 
as STE coo ended for the corresponding uncultivated sites with less than 40 per cent of natural tree 
growth. 
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On the moister sand and sandy-loam soils often naturally occu- 
pied by aspen, paper birch, pin cherry, or red oak, and also on the 
heavier soils where sugar maple, basswood, eastern hemlock, yellow 
birch, or beech have been cut and raspberries have come up after 
fires, Norway pine, northern white pine, and white spruce are the 
trees best adapted to the soils. On open sites where there is less 
than 40 per cent of natural tree growth, Norway pine is to be pre- 
ferred. On the heavier soils or where there is more than 40 per cent 
natural tree cover, northern white pine or white spruce are likely 
to be more satisfactory. 

The same suggestions for selection of species for planting apply to 
the cleared lands as to the soils with less than 40 per cent of tree 
cover. If the planting site has been cultivated recently however, or 
is cultivated at the time of planting, it is often possible to obtain good 
results with northern white pine as well as with Norway pine even 
on the dry sandy soils. (Pl.1,C.) In general, however, northern 
white pine 1s more subject to damage by the extreme heating of the 
surface soil in exposed sites during the hot weather of midsummer. 

Little swamp planting has been tried in the Lake States. Experi- 
mental plantings of red, white, Norway, and blue spruce were made 
in Minnesota by the Cloquet station (4/7). After two years, only 16 
to 83 per cent of the trees of any of the species were alive. Since 
sufficient experience for guidance is lacking, planting in the 
swamps had best be guided by the general principle previously 
stated, namely, to plant those species which grow or have grown 
naturally on the site. For the Lake States swamps, this principle 
would indicate northern white cedar or possibly tamarack or black 
spruce or northern white pine as the trees to be tried. The trial 
should be on a small scale, however, since there is no certainty that 
any of them will be satisfactory. 

A successful windbreak planting on peat soil which had been 
drained’ and cultivated in Beltrami County, Minn., is reported by 
5S. S. Burton, formerly of the Cloquet Forest Experiment Station. 
The kinds of trees planted were American elm, Russian poplar, box 
elder, green ash, white spruce, and Scotch pine. With the exception 
of Scotch pine, more than 85 per cent of the trees were living two 
years aiter they were planted; the poplar, box elder, and ash were 
3 to 314 feet high. The hardwoods were planted as 2-year seedlings 
and the pine and spruce as 4-year transplants. The plantation was 
cultivated after planting as well as before. The results are sugges- 
tive but can not be accepted as reliable indications for planting on un- 
drained swamps without cultivation. 

The mine dumps in northern Michigan and Minnesota offer a spe- 
cial problem in forest planting which has yet to be attacked. Ex- 
perience with planting under similar conditions in Pennsylvania (19) 
indicates that jack pine or Scotch pine will probably succeed and 
that they are the most promising species. , ; 

Suggestions as to the adaptability of different species to differ- 
ent planting sites have been limited to a few species. Those which 
are believed to be distinctly the best species for planting in the north- 
ern Lake States as a whole are Norway pine, northern white pine, 
white spruce, and jack pine. There may, however, be specific cir- 
cumstances under which the planting of some other species would be 
more desirable. 
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UTILIZATION OF THE WOOD PRODUCT 


One of the prime considerations influencing selection of species is 
the use for which the wood crop is desired. ‘In the Lake States the 
largest present demands for timber are for pulpwood and for plan- 
ing-mill products. Northern white and Norway pine have been and 
promise to continue to be thoroughly acceptable species for a multi- 
tude of uses in the form of lumber and planing-mill products. 
The two pines are used interchangeably for many purposes, in- 
cluding sashes, dimension stock, house construction, and doors, 
boxes, car construction, woodenware, and agricultural implements. 
A study of the wood- -using industries in Minnesota in 1913 in- 
dicated 20 uses for Norway pine and 92 for northern white pine 
within the State. Norway pine, by reason of its greater strength and 
hardness, is slightly more suitable for construction purposes and for 
piling and ties. On the other hand, the soft and workable wood of 
white pine is particularly adapted to many specialized uses. Until 
recently these two species constituted one-third of the total consump- 
tion of wood preducts in the Lake States, and, although the demand 
for them is being absorbed by the western pines which are shipped 
east at high freight costs, it is sate to predict that northern white 
and Norway pine grown locally in the Lake States will always have 
a ready market. 

Spruce is the most desirable species for the manufacture of paper 
pulp. About 540,000 cords of native spruce were used in 1925 in 
the Lake States for this purpose. An additional 750,000 cords of 
eastern hemlock and balsam fir are consumed annually, for which 
spruce would be substituted if it were available. Spruce is also 
a desirable wood for lumber, sashes and doors, boxes, woodenware, 
pails, fencing, and fuel. Small spruce trees bring good prices in 
December for Christmas trees (16). Twenty-eight uses of spruce were 
enumerated in Minnesota in 1913. The different kinds of spruce 
are quite similar in the properties of their wood. For any purpose 
white spruce is as good as any of the others. 

Jack pine has come into use quite recently. Over 100,000 cords 
a year are now consumed in the Lake States for pulp, although 
only by those paper mills equipped to produce it by the sulphate 
process for craft paper. It is also being utilized for lumber, boxes, 
lath, car construction, woodenware, ties, “and fuel; ; but although it is 
in good demand for these purposes, it is inferior to northern white 
and Norway pine for lumber products and to spruce for pulpwood. 

Judged by usefulness and demand other species also deserve con- 
sideration for planting in the Lake States. These include white 
and green ash, which are in strong demand for handles, cooperage, 
vehicles, lumber, furniture, veneer, and many other uses. Red oak 
is always in demand for a multitude of products including ties, 
lumber, furniture, veneer, vehicles, and agricultural implements, as 
well as posts and fuel. The tamarack and Kuropean larch, which 
have similar wood properties, are or could be used for ties, pulp, 
lumber, car construction, paving, poles, cooperage, and posts. North- 
ern white cedar has pr operties which make it specially suitable for 
ties, shingles, piling, poles, and posts, as well as lumber. Eastern 
cottonwood is chiefly used for pulp, fuel, lumber, veneer, boxes, 
woodenware, and vehicles. 
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RATE OF GROWTH 


On the basis of their rates of growth on sites to which they are 
suited, the species may be arranged as follows, beginning with those 
that grow fastest: Eastern cottonwood, jack pine, European larch, 
Norway pine, northern white pine, white ash, basswood, red oak, 
white spruce, sugar maple, and northern white cedar. (Table 2.) 
The growth rate must, of course, be considered in connection with the 
length of time required for the tree to attain a usable size. In this 
TesPecls there is an advantage in growing species which are used in 

mall sizes, as for pulpwood. For exampk, a crop of jack pine pulp- 
ae can be grown in 35 or 40 years, whereas it will require from 50 
to 80 years to grow saw timber of northern white or Norway pine. 
This question of the time required to grow the crop is an important 
matter and ‘will be considered further in the discussion of returns 
from planting 


&"* 


TABLE 2—Time required for planted trees to produce crops of merchantable 
timber for specified products 


For ties, For ties, 
For posts,| poles, For posts,| poles, 
fue) and ping, soe and piling; 
: pulpwood| and saw- : pulpwood| and saw- 
Species (6to8 | logs (12 Species (6to8 | logs (12 
inch to 14 inch to 14 
trees) inch trees) inch 
trees) trees) 
Years Years Years Years 
Kastern cottonwood-_________- 20-30 R= AO || BASH wOOGls =o 8 ee 45- 60 80-100 
Jiaeke pune leek ae fee Oe 25-45 (KOS ANOM Eerel Oeics as ee ee 50-— 60 80-100 
MRO PeaTINlanc his aes eee eee 30-35 HO=5604||Nvahite spruces sss anes 60- 80 100-140 
INT eD INC es eee 40-50 60= 905 || Sugar maplel sas) aes 70— 90 110-150 
Northern white pine__________ 40-50 60- 90 || Northern white cedar_________ 90-140 160-220 
VAG saSins sae eee a: 50-60 80-100 


VALUE OF PRODUCT 


The money values of different species of timber differ widely. In 
1925 in the Lake States, northern white and Norway pine were sold 
standing at $10 and S15 a thousand board feet. White spruce 
brought $2 te $5 a cord and jack pine $1 to $3 a cord for pulpwood. 
The comparative abundance of natural eee of jack pine in the 
region tends to keep its value low and makes jack pine a relatively 
less desirable species for planting. The hardwoods—including sugar 
maple and basswood, and often the red oak which grows with them— 
are sold for about $8 a thousand board feet. White ash has a some- 
what higher value; eastern cottonwood is less valuable. Cedar com- 
mands good piece-rate prices for poles, ties, and posts. 


SUSCEPTIBILITY TO DAMAGE 


Norway pine stands out as a particularly desirable species for 
planting because it appears to be almost immune to insects and dis- 
eases. Northern white pine is often attacked by a weevil which kills 
the leading shoots and retards the growth in young trees. It 1s also 
subject to “attack and destruction by the blister rust; but this need 
not discourage planting, for if the control measures worked out for 
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this disease are taken promptly the risk of loss is small. White 
spruce is subject to losses due to the spruce budworm, especially in 
the natural stands where balsam fir is usually associated with the 
spruce; but in plantations where the spruce is planted pure or in 
mixture with pine, losses are not likely to be serious. Tamarack and 
European larch are both subject to attack by the larch sawfly. The 
danger of destruction by this pest is so great that for this reason 
alone planting of tamarack in the swamps ¢an not be recommended. 

t may be that either species if planted on upland sites, where both 
make vigorous growth, would be able to resist successfully the at- 
tacks of the insect, although even this is not certain. Jack pine is 
attacked by several insects and a fungous disease, but so far none of 
these has proved to be serious. Other species, as sugar maple, bass- 
wood, red oak, white ash, eastern cottonwood, and northern white 
cedar, are not subject to damage to a degree that should affect their 
desirability for planting. 


DOUBTFUL SPECIES 


Several of the species that have been mentioned have certain 
obvious advantages but yet are not recommended for planting, either 
because too little is known as to their probable success in the northern 
Lake States or because existing plantations are not or do not promise 
to be satisfactory. ‘These are Scotch pine, Norway spruce, eastern 
cottonwood, white and green ash, Russian poplar, and box elder. 

Scotch pine has been extensively planted in the region. it adapts 
itself readily to a wide variety of soils including the poorest. The 
trees in the older plantings, however, are almost invariably so 
crooked and have such large, heavy limbs that it is doubtful whether 
they will be valuable for anything but cordwood. For that purpose 
Scotch pine is less desirable than jack pine, which grows faster 
and in addition to cordwood will produce lumber which is not 
excessively knotty. It is often stated that Scotch pine frem seed 
produced in northern Russia (known as the Riga variety) or in 
the northern Scandinavian countries w:ll grow straight and clean. 
If Scotch pine is to be planted, an attempt should be made to obtain 
seed or stock from these sources. It is probable also that the form 
of the trees could be improved by planting them not more than 3 or 
4 feet apart. On the whole, however, Scotch pine can not now be 
recommended for planting in the northern Great Lakes region. 

Norway spruce has also been planted in several parts of the region 
but has been only moderately successful. Usually only a few trees 
grow rapidly. It certainly has not done as well as, according to 
report, it has done in the southern part of the Lake States or in 
the Northeastern States, where its rapid growth and ease of propa- 
gation have sometimes given it the preference over the native spruces. 
The evidence from plantations in the northern lake States is not 
sufficient either to condemn Norway spruce or to prove that it is 
either inferior or superior to white spruce. Natural growth of 
white spruce does so well in the region, however, that it is recom- 
mended in preference to Norway spruce. 

Cottonwood plantations were not found in the region studied, 
although many have been established in the prairie region to the 
west and south. Cottonwood planting and the yields from planta- 
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tions in the Mississippi Valley and in Iowa have been discussed at 
length in published bulletins (75, 45). The conclusions may be 
summarized briefly. The commercial erowing of eastern cottonwood 
by planting deserves consideration as a means of supplying pulp- 
wood, fuel, and farm timbers. It may be expected to yield 15,000 
to 20,000 board feet at 40 years, or 20 cords in 20 years. Well- 
drained bottom lands, even if sandy, are the best planting sites. 
Upland or land covered with sod or a heavy growth of weeds should 
be plowed in preparation for planting, although plowing may not 
be necessary on open cut-over bottom lands where moisture is 
plentifui. Cuttings 10 to 18 inches long from fresh twigs may be 
planted at once or after being rooted in nursery beds. T hey should 
be set out in the spring, 7 to 10 feet apart each way. The rapid 
growth of eastern Sn eon makes good returns probable. 

White and green ash, Russian poplar, and box elder have been 
planted on soils which were cultivated before and after planting. 
Under these conditions they have been thoroughly successful even 
in the severe climate of western Minnesota. It is not known whether 
they would be successful without cultivation. Russian poplar makes 
exceptionally rapid growth, but its timber value is uncertain and 
will probably not exceed that of eastern cottonwood. Box elder is 
not a desirable timber tree. 

The ashes, however, are highly valued for many purposes. Green 
and white ash grow naturally in the region on good soils. The 
growing of different kinds of ash by planting and otherwise, chiefly 
in New York, Ohio, and Illinois, has been covered in a separate bul- 
letin (62) from which the following suggestions are taken as being 
presumably applicable in the Lake States: Ash may be recom- 
mended for planting on cleared fields or good forest soils where it 
has grown naturally. One-year or two-year seedlings 6 inches to 
2 feet high are most likely to succeed. They may be spaced 6 to 8 
feet apart in mixture with northern white pine, sugar maple, or red 
oak. The site should be cultivated before planting and for one or 
two seasons after. On soils of medium quality, ash may be ex- 
pected to yield 15,000 board feet to the acre at 60 years when the 
trees average 10 inches in diameter. 


MIXED PLANTINGS 


Plantings in the Lake States are still too young to indicate con- 
clusively the advantages of specific mixtures of species. Since in- 
formation from experiments or experience is lacking, it is necessary 
to limit the discussion of mixed plantings to some general principles 
and suggestions of possible mixtures which seem most likely to prove 
successful. In general, mixed plantings of more than one species 
are desirable because they provide more complete use of the produc- 
tive capacity of the site and a larger product of higher quality and 
subject to more variety of use and market than plantings of only one 
species. If insects or disease attack the plantations and become 
epidemic, they are unlikely to damage seriously more than one kind 
of tree, and the damage to the more susceptible one is less than it 
would be if it were in a pure plantation. Even if one species be 
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completely destroyed, the others remain to provide a timber crop on 
the area. 

Theoretically it is desirable to plant a rapidly growing species with 
one of slower growth which will thrive in spite of the shade and com- 
petition of its associate. However, in plantations at Ottawa, On- 
tario, in which the slow-growing sugar maple was planted with 
European larch and Norway spruce, the maples were almost entirely 
eliminated before the conifers were 38 years old. Here the theory 
did not work out; and the outcome emphasizes the need for experi- 
ment. 

Different kinds of trees have different capacities for obtaining from 
the soil the water and other materials that they need. For example, 
the roots of trees of two or more kinds planted in mixture make 
different demands upon different layers of the soil, and each is able 
to fill its needs more completely than if its neighbors were of its own 
kind, making similar demands upon the same layer of the soil. 

As evidence of the more complete use of the soil and site by two 
kinds in mixture as compared with one, and as a practical reason 
for mixed plantings, European experience may be cited. ‘This has 
shown that mixed stands of pine and spruce, pine and beech, and 
_ oak and beech produce higher yields, sometimes as much as one-third 
higher, than either kind by itself. 

The hardwoods are desirable in mixtures because their presence 
decreases the risk of loss by fire, particularly by fires which might 
otherwise burn and spread through the crowns of the trees. The 
green foliage in summer and the bare branches in winter will not 
carry a fire. Actually, however, the application of this principle in 
the northern Lake States is limited; the dry sandy soils where the 
fire hazard is greatest are not suitable for the planting of hardwoods, 
and on the heavier soils a certain number of hardwoods are usually 
erowing naturally, so that there is little need for planting. 

Another reason for mixed plantings is that different kinds of 
trees are not equally beneficial in their effect in building up the fer- 
tility of the soil. As soil builders the hardwoods, such as oak, maple, 
and ash, are more effective than the pines and spruces. Some species 
may even be detrimental; in Germany, for instance, pure Norway 
spruce plantations have created soil conditions so unfavorable that 
the growth of the trees has been greatly reduced. This condition is 
avoided if other species, such as beech, are planted in mixture with 
the spruce. 

Northern white pine occurs naturally in mixture with hardwoods 
on the heavier soils and undoubtedly produces the highest quality 
of timber under those conditions (/8). The presence and mainte- 
nance of natural hardwoods in a plantation of white or Norway pine 
or white spruce is desirable as long as the hardwoods do not seri- 
ously interfere with the development of the planting conifers. If 
hardwoods are not present naturally, they may be planted in mix- 
ture with the pine or spruce. 

With experience in mixed plantings lacking, however, there is 
little basis for recommendations or for predictions of success. In 
this, as in the selection of species for pure plantings, the best guide 
is probably the trees which grow naturally in mixed forests in the 
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region. This principle would indicate either basswood, sugar maple, 
white ash, or red cak as kinds to be combined with northern white 
pine on good loamy soils. Northern white pine with white or Nor- 
way spruce may also be suggested. On the better sands and sandy 
loam soils a mixture of Norway and northern white pine may be 
recommended. 

On the jack pine-scrub oak sandy lands of the northern Lake 
States on which only Norway pine or jack pine are suitable for 
planting, it is generally necessary to plant one of these two species 
pure. Norway pine is the more desirable, except for the production 
of pulpwood. In large operations with Norway pine, however, it 
would be advisable to break up the continuous plantings by intro- 
ducing groups or strips of jack pine or even by leaving strips un- 
planted to serve as fire breaks. Where Norway and jack pine are 
planted alternately in the rows, the jack pine grows so much faster 
during the first 10 or 15 years that there is danger that it will seri- 
ously crowd and kill out the Norway pine. The oaks which grow 
naturally on these sites are probably desirable and should be saved 
to develop in mixture with the pines. 

Mixed plantings may be arranged and carried out in several 
different ways. The different kinds of trees may be planted in 
alternate rows, or alternately in each row, or in two or more rows 
of one kind alternating with two or more of the other, or in groups 
of four or more trees of one kind to a group. Other arrangements 
by which two kinds are planted in different proportions are also 
possible, but too little is known for specific recommendation. Plant- 
ing in alternate rows or strips requires only that half the planters 
have one kind and the other half the other kind of trees, and that 
they are started right at the beginning of each row so as to give 
the desired alternate or strip arrangement of the two kinds. AI- 
ternating the kinds in each row is usually done by having two 
planters work the same row. One goes ahead and plants his trees 
10, 12, or 16 feet apart, and the other follows him, putting in the 
other trees midway. ‘These schemes do not greatly increase the cost 
over that of planting a single kind. Group planting requires more 
care and increases the cost. 

Alternate rows or alternate trees in the row give the most inti- 
mate mixture and result in the most severe competition, so that if 
one species lags behind it is lhkely to be seriously suppressed or 
killed. This danger is partly avoided and at the same time many 
of the advantages of mixed planting are obtained by planting three 
or more rows of one kind, alternated with three or more of the 
other. Until more is known about the development of mixed plant- 
ings this plan is safest. 

Another method of planting mixtures is to plant first the slower 
growing kind or the one to which it is desired to give a start, and 
a few years later to fill in with the other species.. This plan would 
be applicable to mixed planting of Norway and jack pine in which 
the Norway pine needs a start of three to five years to hold its own, 
but it would almost double the cost of the planting because it would 
necessitate covering the same area twice. The later planting of a 
more rapidly growing tree has practical importance, however, in 
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replanting the fail places in a plantation in which many of the 
trees have died. Replanting with some other sutiable kind of tree 
of faster growth than that originally planted serves not only to fill 
up the holes but also to secure the benefits of a mixed planting. 


SEASON TO PLANT 


Forest planting may be done either in spring or fall. Large 
areas have been planted in the Lake States in both seasons with 
excellent results. The degree of success obtained depends more upon 
the weather of the individual season than it does on any general 
difference between spring and fall. For example, spring plantations 
established when soil moisture and the weather following planting 
are favorable will do better than plantings made in a dry fall, and 
plantations established during a rainy fall will do better than those 
set out in a dry spring. Similarly, there are marked differences 
in the success of planting in succeeding weeks of the same season. 

The safest and most general rule, especially for the private land- 
owner, is to plant the trees as soon after the. frost goes out in the 
spring as the ground can be worked and before the buds have opened 
and new growth is started. It is therefore desirable to obtain the 
trees from a nursery as near the planting site as possible. Trees 
for spring planting should be ordered in the winter and for fall 
planting not later than the preceding spring. The beginning of the 
spring-planting season will be between April 1 and 10 in lower Michi- 
gan, and about April 15 in the northern part of the region. With 
favorable weather, planting may be continued until early in June, 
although the later plantings are hkely to prove less successful than 
the earler ones. 

Planting should not be undertaken, if it can be avoided, follow- 
ing more than a week of dry weather. It is better to heel in the 
trees where they can be watered and wait until rain comes before 
continuing, although on large jobs where many men are employed 
such a plan may not be feasible. 

Fall planting may begin with the first good rains in September 
and continue through October. Hardwoods should not be moved 
and pianted in the fall until they have dropped their leaves. Species 
like European larch which start their growth very early in the 
spring are more likely to succeed when planted in the fall. As in the 
spring, fall drought periods should be avoided for planting. In 
general, the fall is likely to be a little drier than the spring. On 
heavy, clayey soils, subject to heaving, there is danger that small 
seedling stock may be heaved out during the winter. On the other 
hand, trees are entering a dormant period in the fall and are some- 
what less susceptible to damage from the drying than they are 
in the spring. They are, moreover, not immediately exposed to the 
extreme heat which usually follows within a month or two after 
spring planting. Finally, other work in forested and agricultural 
regions 1s not so urgent in the fall and labor for planting is easier 
to obtain. On the national forests of the Lake States the advantages 
of fall planting are considered to outweigh those of spring so 
certainly that almost all planting is now done in the fall. 
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Spring planting can be begun several days earlier than otherwise 
and often before plowing is possible if furrows have been plowed the 
previous fall, because furrows thaw out before the adjacent sod. In 
the fall, planting in furrows previously plowed may begin imme- 
diately after the first good rain; although it would often be impos- 
sible to plow at that time because the soil below the surface would 
still be too dry. Plowing the furrows well in advance of planting, 
therefore, increases the length of the planting season both in spring 
and fall. 

It is also possible in favorable seasons, to plant trees during the 
summer. Watson (74) describes the results of an experiment on 
the Higgins Lake State Forest in Michigan in which the northern 
white pine was underplanted each week from June to September, 
melusive. Counts made later showed that the trees planted in July 
and August did as well as those planted in June, or better, and that 
80 per cent of them were living. 

On the other hand, in an experiment in 1925 and 1926, in which 
2-year seedlings of Norway pine were, with two exceptions, planted 
each month from April to November, inclusive, on an open sandy site 
of the Huron National Forest, the following percentages of trees 
were living in the fall of 1926: 


1925 1926 
planting | planting 


1925 1926 
planting | planting 


Month planted Month planted 


FXe oy cll Ul rae eles eee Lear eevee Te eae | 91 G4 GAR SUIS Go ee ee 2 ees ee 60 160 
INA ey aciese is ot Gea Pa ARENT eo Nee 94 HO} |I (Sj Oerool Oyen. = 74 100 
ARUN OYE) Bie | Sig ie en eee Mt Od a a Cat a 66 CoA FOCTObe reset EN st Ree ee PEA ee ee oe 160 


The season of 1925 was distinctly unfavorable, and the late spring 
and early summer of 1926 were even worse. Repetition of the ex- 
periment in 1927 may yield better results. The figures illustrate the 
marked differences in survival from one year to the next resulting 
from the variations in weather during the planting season. On the 
whole, summer planting is less likely to be successful than either 
spring or fall planting. 


SIZE AND AGE OF TREES FOR PLANTING 


For Norway pine, 2—0 seediing * or 2-1 transplant stock is recom- 
mended, the latter for private planting on a small scale or for brushy 
sites. For northern white pine 2-1 transplants or 3-0 seedlings 
are suggested, and for white spruce, 2-1 or 2-2 transplants. For 
jack pine and white ash, l-year seedlings, and for cottonwood, 1- 
year rooted cuttings are almost always the most satisfactory. 


(Table 3.) 


5'The trees available for planting from nurseries may be from 1 to 5 years old or older. 
Usually they are grown in the seed beds for 1, 2, or 3 years, and then, if not used at 
once for field planting, are transplanted in the nursery and allowed to grow 1 or 2 years 
longer before being set out. This transplanting makes sturdier trees, with compact, 
bushy root systems, more desirable for planting. Forest nursery stock is known and will 
be referred to in this bulletin by a numerical system, the first figure representing number 
of year's in the seed beds and the second number of years transplanted. Thus, 2-year-old 
seedlings are called 2—0 stock, and 1-year seedlings transplanted at the end of the first 
yeal and grown 2 years in the transplant beds are known as 1-2 stock. 
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TABLE 3.—Age class of nursery stock for planting under light and heavy com- 
petition of sod, brush, or tree 


pees | Wades ae | ee 
- ight | heavy . ight eavy 
Species compe- | compe- | Species compe- | compe- 
tition ! tition tition! | tition 
INOEWayeDIne ss sae eee ee | 2-0 22h P21 2-2 Red Oak. tas 2 See ee a a 10]10 20 
Northern white pine__-_---_--_- 3-0 2-1 | 2-1 2-2 || Tamarack or European larch_-| 2-0 2-0 
Wihitespruces:s i= =e ee | 2-1 2-2 | 2-2 2-1 || Eastern cottonwood (reoted 
JACK pINete <4 beets cree Le ease 1=07) 150; Jee’ Sewtitings) Sn. aa eee 1-0 1-0 
INOGWaYESDEUCC2. 222 a ae ee 21 GP2—2illie2—2iat2 1 | RBS ASSWOOC l= === an ae eee ee 1-0 1-0 
Win te\as ene ee eel 10 TEMG) | tSibkeahe was g) ea Bs 2-0 2-0 
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1 Classes in this column are also suitable for sites with little or no competition. 


The 1, 2, 3, or 4 year old nursery stock generally used and recom- 
mended for forest planting is small and does not make a showing 
for several years after it 1s planted. One-year jack pine seedlings 
are 3 to 5 inches high. Two-year seedlings of northern white and 
Norway pine are usually 2 to 5 inches high and have roots 6 to 12 
inches long. The 3-year and 4-year transplants may be 4 to 7 inches 
high with root systems which are more bushy but not much longer 
than those of the seedlings. 

Although forest-planting stock of any species is small, trees of 
these sizes have been found to be most satisfactory for several rea- 
sons: (1) They adapt themseives to the new conditions of the plant- 
ing site more easily and are more likely to succeed than larger stock; 
(2) they are cheaper to raise or to buy; and (8) they can be planted 
more quickly and more cheaply and with good success by unskilled 
labor. Finally, they may be expected to return a larger profit on 
the investment when mature than can be predicted for the larger 
transplant stock, of which the slightly better growth and survival 
do not compensate for the increased costs carried at interest over a 
long period. 

These economic considerations are usually of first importance, and 
they must always be weighed with comparative growth and survival 
in selecting a particular size and age of nursery stock among the 
two or three which may be expected to live and grow satisfactorily 
under any given conditions. The condensed recommendations just 
made and those in Table 3 are based upon a combination of eco- 
nomic with other considerations. Costs of stock and of planting are 
taken up in detail in a later section of the bulletin. The following 
paragraphs and Figure 2 refer cnly to the results in growth and 
survival. 

The plantations of Norway and northern white pine in which 2-2 
stock was used have been most successful. (Fig. 2). Three-year 
transplants (2-1) of the white pine were only a little less successful 
than the 4-year (2-2), and those of Norway pine were no better than 
the 2-year or 3-year seedlings. ‘The 3-0 white pine does not make a 
favorable showing in Figure 2, and the recommendation for its use is 
based partly on its low cost as compared with transplant stock and 
partly on the reported success which has been attained with it in 
younger plantations than those studied. 

More detailed study of these general differences in the classes of 
planting stock, indicate that they are not large, that they have fre- 
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quent exceptions, and that they are likely to be obscured or even 
reversed in individual plantings by the action of other facts which 
are more important. In height growth, for example, the Norway 
pine plantations on the open, sandy soils show almost the same aver- 
age height growth for 2-0, 1-1, 3-0, and 2-1 stock. The 2-2 stock 
averages only 1 to 2 feet higher 10 years after planting. If 2-0 seed- 
lings had been set out two years earlier, they would probably be 
as tall as the 2-2 stock is now. On the contrary, the height growth 
of 2-0 northern white pine underplanted is distinctly better than 
that of 3-0, 4-0, or 2-2 stock. Measurements of heights of different 


MEAN ANNUAL HEIGHT GROWTH BASED ON ALL TREES PLANTED 


FiGurRE 2.—Relative success of different classes of nursery stock. Wide bar marks 
average of all plots; single plots that attain more than the average are notched 
on harrow bar, numerals indicating two or more plots of the same height 


classes of stock of Norway pine on the Michigan National Forest 
five years after planting, showed 15 inches for 1-0 seedlings, 20 
inches for 2-0, 21 inches for 1-1 transplants, and 27 inches for 2-1. 
These differences in height, however, will undoubtedly become in- 
significant long before the trees are mature. 

The effect of the class of planting stock on the percentage of trees 
which live is more significant than its influence on growth. Planta- 
tions of 2-2 Norway pine on the open sandy soils have from 60 to 
75 per cent of the trees living on the average, as compared with 
50 per cent in the 2-0 plantings. The corresponding averages for 
northern white pine underplantings are 54 per cent and 46 per cent. 
The Norway pine plantations of 1-1, 3-0, and 2-1 stock on the jack 
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pine-oak stands have 70 per cent to 80 per cent of the trees living, 
or more than either the 2-0 or 2-2 plantings, in contrast to the Nor- 
way pine on better sandy soils, where the average percentages for 
these three classes are only 35, 45, and 46 per cent, respectively. 

Where white spruce was planted on the Chippewa N ational Forest, 
2-1 stock which had been in the field one to five years had 50 to 88 
per cent of the trees living. Thirteen acres planted with 3-0 seed- 
lings had 93 per cent living at the end of the second year. One 
plantation of 2-0 seedlings had 69 per cent survival after five years, 
and another younger one, 90 per cent. 

In experiments with planting stock of different classes at the Clo- 
quet station D) 2-2 stock of northern white and Norway pine had 
higher percentages of the trees alive than other classes. (‘Table 4.) 
The growth of the 2-2 stock was also greatest, and the superiority 
in both growth and survival was maintained for the first 10 years 
after planting. ‘This transplant stock (2-2) of northern white and 
Norway pine gave better results when planted (1) under stands of 
jack pine of different sizes and densities, (2) on cut-over barren 
sites, (3) where sweet fern formed the predominating cover, and 
(4) in the thick brush. In another series of experiments (29), ob- 
served five years after planting, the survival of transplants was 
slightly better than that of seedlings and the growth markedly 
greater. 

The results of experimental and large scale plantings summarized 
in Table 4 indicate that the transplant stock, and especially the 2-2 
stock, has larger percentages of trees living but that the differences 
are small. 


TABLE 4.—Survival of different classes of Norway and northern white pine stock, 
on various plantations, in percentage’ of living trees 


Norway pine Northern white 


pine 
Classes of stock ae | 

Mich- | Min- | Min- | Min- Min- 

igan | nesota | nesota | nesota? Cloquet nesota? Cloquet 
i Eom | SY ice CRE ee ASR Cg eT BS BRS BE oe Be Pen 0A Ue ee me (ee ER ale (Sate | Supe» Se ee Pe] ee 
Ds. tack Se RE hea A ON ome 85 52 42 | 48 63 66 71 
1S Ste Ss 2p eS A SER ee eet SOUS SNS eee \2oc La |e ee 
Toa t oie aes ete eh peered SUS Oe Lae REED eee Bure ke ieee | epee 48 36 | 40 73 69 68 
rn (eer EN ee re Ns ARP Ce © SRE es Se ee Ps 99 60 37 | 50 62 75 81 
THD is Bates ee Se eee rE) Be ke aes (nee eo ee | eee ee eee 75 
7 a NERS | oe et a TT Ee ee Re Oe ee S| | eee eR ON a Nate gee [sien ere 87 Aseria 83 


1 Plantings were made on the Michigan and Minnesota National Forests and at the Cloquet (Minn.) 
Forest Experiment Station on smail experimental areas, except as noted. The classes for which no Der- 
centage appears were not included. Survival counts were made three to five years after planting. 

2 Plantations of 130 to 400 acres. 


Usually the transplant stock of Norway or northern white pine 
shows a slight superiority in growth and survival. The differences 
in these two respects, however, are not sufficient to cause a planta- 
tion of 2-0 or 3-0 seedling stock to fail where one of 2-1 or 22 
transplants would succeed. The small advantages in increased 
growth and survival are counterbalanced by the greater cost of 

raising or purchasing and planting the transplant stock. As a result 
of experience on the Michigan and Minnesota National Forests, the 
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Forest Service has concluded that for Norway pine in these locali- 
ties first-class 2-0 seedlings with good roots are superior to trans- 
plants in terms of final cost of the established plantation. This 
conclusion may be made general for the region. Similarly, the 
economic considerations indicate that 3—0 or 2-1 stock of northern 
white pine and 2—1 stock of white spruce are to be preferred to the 
more costly 2-2 stock. 

Successful plantations of Norway and northern white pine have 
been established by digging natural seedlings and resetting them on 
the planting site. (Pl. 2, A.) Experiments with wild stock at the 
Cloquet station gave reasonably good results, although not as good 
as with nursery stock. Ordinarily the wild seedlings are not easy 
to find in large quantities. Moreover, they have a poorer root 
system and are less likely to succeed than those grown in nurseries. 
Unless they can be dug in spare time or without incurring special 
cost for labor, they are usually more expensive than stock purchased 
from the State nurseries. If wild seedlings are used, they should 
not be over 8 inches high; larger ones are less likely to survive the 
transplanting. 

The following conclusions in regard to age of trees for planting 
may be drawn: 

Good stock of 1-0 jack pine, 2-0 Norway pine, 3-0 northern white 
pine, 2-1 white spruce, the smallest sizes which are likely to suc- 
ceed, are better than larger and more expensive stock when judged by 
the final cost of established plantations. The differences between 
these different classes, of stock as measured by growth or survival 
are small and unimportant as compared with their relative cost. 

For the hardwoods, 1-0 seedlings are satisfactory. 

Digging wild seedlings is usually a less successful and more ex- 
pensive method than purchasing small nursery stock for planting. 


METHODS OF PLANTING STOCK 


Different hole, silt, and furrow methods and combinations of them 
have been tried in an effort to establish plantations at a minimum 
cost without sacrificing survival or favorable development of the 
trees. All of them have given satisfactory results when practiced 
by reasonably competent crews under good supervision. 


HCLE METHOD 


In the square or deep hole method a mattock or spade may be 
used in planting. A hole is dug sufficiently large and deep to allow 
the roots to be extended to their full depth. The tree is held per- 
pendicularly in the hole with roots fully extended, while the better 
soil removed from the hole and separated from the stones, grass, and 
roots is packed firmly about the roots. The hole is filled and well 
packed except for a top layer left loose to serve as a mulch. Ordi- 
narily, one man makes the holes, and another plants the trees. On 
slopes, care should be taken to see that the tree is upright and that 
the surface of the soil placed around the tree is at the same angle 
as the slope. If depressions are left, washing occurs, or the hole is 
filled with leaves and litter which may smother the plant. When 
the hole method is used on areas covered with heavy sod, it is desir- 
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able to remove the sod before the hole is dug and, after the tree is 
planted, to fill the hole with soil. The hole method is adapted to all 
species and sites, since the mattock and grub hoe can be used on 
both rocky situations and sandy areas, While the spade works effec- 
tively in sand or sod. 


HOLE METHOD IN FURROWS 


Furrows may also be used effectively in combination with the 
hole method, the trees being planted in mattock or spade holes in 
the bottoms of the furrows. In heavy sod, ploughed furrows make 
it unnecessary to spend time removing sections of sod with the mat- 
tock or spade. 


DIRECT FURROW PLANTING 


Recently a method has been suggested (28) by which the trees are 
planted directly in plowed furrows. This has been as successful as 
the mattock-hole. method in New Jersey on abandoned fields. The 
roots are spread out in the bottom while the stem is held against 
the side of the furrow. Loose soil is then pulled over the roots and 
firmed with hand or foot and a layer of loose soil added on top. 
This method should be quick, cheap, and easily practiced by 
unskilled labor. 

SLIT METHOD 


In the slit method, a planting bar, spade, or mattock is used. The 
planting bar consists of a steel wedge 8 to 12 inches long, 3 to 4 inches 
wide, and three-eighths of an inch thick at the top, on a galvanized- 
iron bar with or without a grip handle and a step attachment. The 
bar is driven vertically into the soil with a single stroke to the depth 
required, pushed forward to an angle of 45°, slipped shghtly down- 
ward to take a new hold at the bottom of the hole, and finally brought 
back to a nearly perpendicular position. ‘This forms a rectangular 
slit into which the roots of the plant are lowered. The roots are 
shaken out and the slit is closed by another thrust of the bar behind 
the plant. The planter then closes this last hole—to prevent exces- 
sive drying of the ground near the roots—by a thrust of his heel as 
he steps forward. 

The details of this method have been studied and developed on the 
Huron National Forest to a high degree of excellence, which is 
attested by the effectiveness and low cost of the planting. The 
method has been criticized because all the roots are placed in one 
plane, but investigation has shown that the roots grow evenly in all 
directions in the sand soon after planting. It is better adapted to 
loose than to heavy, sticky soils. It is also better suited to small 
stock than to large stock with bushy roots. 

When a spade is used, experience on the Chippewa National Forest 
shows that the best results are obtained by pulling the spade toward 
one when it is first driven into the ground, then driving it a little 
further into the ground and pushing it away. The tree is then 
placed in the corner of the hole between the two solid walls, and the 
dirt is well packed about the roots. The method can be used advan- 
tageously in underplanting. It is not well adapted to a planting 
area which is heavily covered with sod, because the newly set trees 
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A.—Twenty-year-old plantation of Norway and northern white pine in central Wisconsin established 
by digging wild seedlings : 
B.—Plowed furrows with recently planted Norway pines, on burned-over jack pine land in Michigan 
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suffer in competition with the surrounding vegetation. This 
method, wherein each man plants his own trees and preparation of 
the ground is unnecessary, 1s more rapid than the square-hole 
method. 


SLIT METHOD IN FURROWS 


The slit method in furrows is the most economical method for 
planting on any land where furrows can be plowed (36). Furrows 
12 to 14 inches wide are plowed at regular intervals to a depth of 
2to3 inches. (Pl. 2,B.) <A sulky or breaking plow has been used 
successfully. The trees are planted in the furrows by the slit 
method. The advantages of the method are that it is rapid, it 
eliminates the competition of surrounding vegetation for a period 
of two to three years or longer, and the furrows serve to check or 


control the spread of any fire that might occur. 


COMPARISON OF RESULTS BY DIFFERENT METHODS 


Experiments (40) with 2-2 northern white pine transplants in 
New York gave, two years after planting, the following results: 
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A similar experiment (7/2) in Massachusetts with 2-1 northern 
white pine and Norway spruce gave the following results in per- 
centage of trees living after two years: 


Percent- 
age of eae 
Method hornets Norway 
whit 
pine spruce 
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The removal of a square of sod as a part of the hole or slit method 
imereases the success of the planting, especially on areas of heavy 
sod or brush. Wherever the brush or timber is not so thick as to 
prevent, the plowing of shallow furrows in which the trees can be 
planted gives better results than similar planting without the fur- 
rows. For example, on a low sandy soil with 40 per cent of laurel 
(Kalmia angustifolia L.) cover, jack pine and northern white pine 
planted in furrows had 58 per cent and 69 per cent, respectively, of 
the trees living, whereas the adjacent area where furrows were not 
plowed had only 384 and 389 per cent. Also, the growth in the 
plowed plantation was distinctly better. This example also sug- 
gests that the benefits of furrow planting are greatest where the 
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brush competition is heavy and plowing most difficult. Another 
comparison may be made of two well-established plantations on an 
upland sandy soil, alike in all respects except that the trees in one 
were planted in slits in furrows and in the other by the slit method 
without furrows. Of those planted in furrows 74 per cent of the 
jack pine and 72 per cent of the Norway pine survived, whereas of 
those from the unfurrowed planting only 21 per cent of each of 
the species remained alive. 

On the better, sandy sites, underplanted northern white pine had 
an average annual height growth of 0.23 foot by the slit method 


NORWAY PINE WHITE PINE 
1.1 : 
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fon) 
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METHOD OF PLANTING 


I'IGURE 3.—Relative success of plantations by different methods of planting. Wide 
bar marks average of ali plots; single plots that attain more than the average are 
notched on narrow bar, numerals indicating two or more plots of the same height 


and 0.42 foot by the hole method. On the other hand, the per- 
centage of living trees was 58 by the slit method and 39 by the 
hole method, a poor showing which was probably due in part to 
other causes. Norway pine on the sandy soils grew at an ayver- 
age rate of 0.2 foot when planted by the slit method, 0.27 foot 
by the sht-furrow method, and 0.382 foot by the hole method. The 
percentages of living trees by the three methods were 40, 58, and 
60, respectively. The advantages of the hole and furrow methods 
in increased growth and survival although real are small. (Fig. 
3.) In more recent plantations, efficiently planted by any of these 
methods with the technic developed from earlier experience, 80 
per cent or more of the planted trees have lived. 
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The growth and survival of the trees should be weighed with the 
costs in the choice of a planting method. Slt planting is the least 
expensive. The cost of plowing furrows adds little to the expense 
because it is largely compensated by the reduction in time of actual 
planting. ‘The hole methods are slower and more expensive and are 
only justified on extremely brushy or rocky sites. Costs are dis- 
cussed in more detail in a later section. However, considering them 
in general terms along with growth and survival, the conclusions in 
regard to methods of planting may be summarized as follows: 

Slt planting with a planting bar or spade is the quickest and. 
cheapest method of setting the trees and results in satisfactory 
erowth and survival. However, all of the methods have usually been 
successful, and the differences between them in survival and growth 
are small. The greater costs of the more expensive methods are not 
justified by any prospect of more than partial compensation in the 
form of more rapid growth, greater survival, higher yields, or 
higher quality of product. 

The trees should be planted in furrows wherever plowing is 
possible. 


SPACING OR NUMBER OF PLANTS TO THE ACRE 


The number of trees that are planted on an acre, or the distance 
between trees, is important because it affects the cost and returns of 
planting and the amount and quality of timber that will be obtained 
irom the plantation. Usually the trees are planted in parallel rows 
and spaced equally in the rows, each four trees forming a square. 
Actually, however, it makes no difference whether the trees in a row 
are exactly in line with those in adjacent rows. Similarly, for fur- 
row planting the rows need not and can not be exactly straight or 


parallel. Triangular spacing, requiring more trees to ‘the acre for 


the same spacing is also satistactor y, but it is less easy to organize 
the work and planting crew for this than for the rectangular system. 

Plantings have been made with spacing between the trees varying 
from 3 by. 3 feet to 10 by 10 feet. The ‘smallest spacing, which re- 
quires 4,840 trees to an acre, is too close for the best results, and the 
largest, ‘which requires only 435 trees to the acre, is too wide. A 
large proportion of the plantations on the national forests have been 
made with 700 to 800 trees to the acre, which is the equivalent of a 
spacing of about 7 by 8 feet. These numbers are supplemented 
usually by 100 to 200 trees to the acre of natural jack pine and oak 
which are found on most of the planting sites. The Wisconsin and 
Minnesota State Forest Services in their recommendations to private 
owners have usually suggested 6 by 6 foot spacing, or 1,210 trees to 
the acre. On the State forests in Michigan closer spacing has been 
used, varying from 3 by 3 or 4 by 4 feet in some of the earliest plant- 
ings to an average of 1,500 or 1,700 trees to the acre spaced 5 by 6 or 
5 by 5 feet over large areas in the bulk of the State planting. 

For Norway, northern white, and jack pine, and white spruce, 5 by 
5 to 8 by 8 spacing should be used. Six by six feet or 1,210 trees to 
the acre can be recommended. At this rate the branches of the trees 
come together when they are from 10 to 20 years old. The lower 
branches of the pines begin to die from shading between the ages of 


15 and 25 years, when they are not more than 0.75 inch in diameter 
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and average only about 0.5 inch. By the time the trees are 25 years 
old, the branches will be dead 10 to 15 feet from the ground. At 
25 to 30 years, when the trees are 4 to 5 inches in diameter, some 
thinning will be necessary. 

With 5 by 5 spacing the crowns of the trees completely shade the 
ground two or three years earlier, the lower limbs begin to die 
sooner and when they are slightly smaller in size. Some of the 
trees should be removed about 15 years after planting. ‘The value 
of the products from thinning these smaller trees will be less, but the 
quality and value of the timber finally cut from the area will be 
higher. On the other hand, with wide spacing of 8 by 8 feet or 680 
trees to the acre, the cost of planting will be easily one-third less 
than if 6 by 6 spacing is used, the limbs will be larger, the lumber 
more knotty and its value lower, and no product or return from 
thinnings will be obtained until the trees are 40 or 50 years old. 
Tarbox (64) has shown for northern white pine in New England 
that as the number of trees per acre up to 20 or 380 years old is in- 
creased the size of the knots is decreased, and hence the quality of 
the lumber is improved. Similarly, from observations of Norway 
_ pinein New England Reed (43) has concluded that 4 by 4 foot spac- 
ing is the most desirable for the production of high-quality timber. 

The effect of spacing on the cost of planting and the future ability 
of the timber to earn a certain percentage interest on the investment 
may be illustrated by an example. Assuming all other conditions 
the same, the approximate cost of establishing Norway pine planta- 
tions, as explained later under costs, is $4.50 for 680 trees to the acre 
spaced 8 by 8 feet, $7.50 for 1,210 trees spaced 6 by 6, and $10.50 for 
1,740 trees spaced 5 by 5. If these costs, together with other ex- 
penses, are carried at 5 per cent compound interest for the 60 years 
until the trees become merchantable, the timber will have to have 
stumpage values per thousand board feet of about $11.50 for the 
8 by 8 planting, $15.50 for the 6 by 6, and $19 for the 5 by 5. The 
plantations in the Lake States are not vet sufficiently old to give in- 
formation as to the relative advantages of different densities of 
planting, but it does not seem likely that the possible profits from 
thinnings, or the higher quality and value of the timber from a 
plantation spaced 5 by 5 feet or closer, will more than offset the 
additional cost of planting 1,740 or more instead of 1,210 or less 
trees to the acre. Moreover, it is quite likely that the yield in board 
feet at 60 years of the 8 by 8 foot planting might be greater than 
for the closer spacings. 

The probable percentage of trees which will live is another im- 
portant consideration in determining the proper spacing of a planta- 
tion. The average for the older plantations in the region has been 
given as 56 per cent for Norway pine and jack pine, and 57 per cent 
for northern white pine; 85 per cent is the average for the recent 
large plantings in Michigan. It is desirable to have more than 600 
established trees to the acre during the early hie of a plantation. To 
secure this number will require the planting of not less than 800 trees 
to the acre where 85 per cent survival may be expected and not less 
than 1,200 if only 50 per cent of them are likely to live. If allow- 
ance is made for possible heavy losses in unfavorable years, through 
drought or other cause, still larger numbers of trees per acre may 
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be planted. Such heavy losses are exceptional, however, and if they 
occur, they may be remedied by replanting the openings where trees 
have died. Replanting is not necessary if more than 600 trees to the 
acre are living, and even when the number is reduced to 300 or 400 
a reasonably good crop of timber may be obtained without replant- 
ing, provided the trees remaining after the early losses are not so 
unevenly distributed as to leave large openings. 

If considerable numbers of seedlings or trees of desirable kinds 
are already established on the planting area, the number to be 
planted may be reduced correspondingly. Similarly, in underplant- 
ing, the trees should be planted in the openings or where there are 
spaces of over 15 feet between the natural stems, with little regard for 
the number of trees planted on each acre or for any geometrical 
scheme of spacing or arrangement in rows. The operation should 
be planned, however, so that a full stand will be obtained, even if not 
more than 200 or 300 trees to the acre are set out. 

There are several other considerations in deciding upon the spacing 
to be used. The presence and size of knots and limbs, already noted 
as an effect of spacing, make it needful that the spacing should be 
closer if the aim is to produce high-quality saw timber over a long 
period of years. If there is a local market for small trees for pulp- 
wood or fuel the planting should be closer, since higher yields will 
be obtained from the greater numbers of trees which will be cut 
when small, and there may also be a profit in the product from early 
thinnings. Spruce may often be planted advantageously as close as - 
4 by 4 feet, or 2,722 trees to the acre, because a part of the trees can 
usually be cut and sold at a good profit for Christmas trees when they 
are between 5 and 10 years old (/6). It is generally stated that 
trees such as jack pine, Norway pine, and eastern cottonwood, which 
develop best with ample overhead light, may be planted farther 
apart than the more shade-enduring kinds such as spruce and north- 
ern white pine. Eastern cottonwood, for example, has done well 
when planted as widely as 8 by 8 or 10 by 10 feet. Ti there is much 
brush or other vegetation on the area, closer planting will crowd 
it out sooner, and this is desirable for the best growth of the trees. 
Finally, planting on poor soils should be closer than on better soils, 
to offset the heavier losses which are likely to occur on severe sites. 

An interesting series of plantations at Ottawa, Ontario, set out 
in 1887 (46), in which the same kinds of trees were planted in adja- 
cent plots with 5 by 5 and 10 by 10 foot spacing, illustrates the 
greater diameter growth in inches of the widely spaced as compared 
ath the closely spaced trees. Measurements made in 1925 are as 

ollows: 
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The differences in diameter are compensated by the differences in 
numbers of trees per unit area, however, so that the volumes of the 
stands of these two spacings would be closely similar at this age. 
For example, whereas of the white pine there might be left on an 
acre 400 of the 485 trees originally planted 10 by 10 feet, 800 out of 
1,740 might be left from a 5 by 5 foot spacing. There was no appre- 
ciable difference in height between the two plantations. The 400 
larger trees would have nearly the same volume per acre as the 800 
smaller ones. The wider-spaced plantation would be ready for cut- 
ting for lumber sooner, but the other would provide an immediate 
small yield in thinnings and a later cut of better-quality lumber, so 
that no positive economic advantage can be shown either way. It is 
likely, however, that plantings 6 or 7 feet apart might give better 
results than either the 5 by 5 or 10 by 10 foot spacing. 

This is an example of the close interrelation between number of 
trees planted per acre, diameter growth of the individual trees, vol- 
ume of wood production per acre, and profitableness of planting. 
When older plantations become available for study and experiment, 
it will be possible to say how these factors can be controlled and the 
- maximum profits realized by using the best spacing in planting and 
the right time for thinnings. 


CULTIVATION 


Cultivation of the soil either before or after planting is not neces- 
sary in the region under discussion for the establishment of success- 
ful plantations of pine or spruce, although probably necessary for 
hardwoods and for all kinds of trees in the prairie region of extreme 
western Minnesota. However, cultivation of a plantation stimulates 
the early growth of the trees and assures the survival of a larger 
percentage of them, as it does in any crop. In an experimental 
planting of Norway spruce, Chittenden (77) found that the culti- 
vated trees grew 2.9 feet and the uncultivated 1.8 feet in height dur- 
ing the four years after planting. The advantage to forest trees, 
however, probably lasts only during the early life of the trees, and 
it is questionable whether the increased growth will offset the cost 
of cultivation. 

TOOLS FOR PLANTING 


Different forms of spades, mattocks, grub hoes, and planting irons 
or bars have been tried and developed for planting work. Six differ- 
ent tools or methods were used in experimental plantings of northern 
white and Norway pine at the Cloquet station (47). These in the 
order of cost were heart spade (at $2.10 per 1,000 trees), wedge spade, 
mattock side hole, cylindrical spade, iron wedge, and mattock center 
hole (at $4.64). All of these but mattock side hole gave over 60 per 
cent survival after two years, except in thick brush, where heavy mor- 
tality resulted regardless of the method. 


HEELING IN 


If the trees can not be planted for several days after they are re- 
ceived, they should be heeled in at or near the planting site. This is 
done by digging a trench with one side at an angle of 45° and deep 


FOREST PLANTING IN THE LAKE STATES 31 


enough to hold the roots. The bundles in which the trees are packed 
are cut, and the trees are spread in a layer not over 2 inches thick 
along the sloping wall of the trench. They are then covered with 
earth up to the tops and kept shaded. Watering should be heavy 
and frequent. Trees can be removed from the trench as they are 
needed for planting. 


PLANNING THE PLANTING OPERATION 


The planting operation should be planned in advance, taking into 
consideration the area to be planted, the number of trees which will 
be planted per man per day, and the number of men required to do 
the job in the time available in one or more planting seasons. The 
camp or camps, if needed, should be carefully located as near the 
planting site as may be, and at the same time accessible to a road or 
trail by which equipment and stock may be brought in. Ordinarily 
there should not be more than 10 or 15 men in a crew under a single 
foreman, or if a larger crew is employed it should be divided into 
units of this size; each under a boss. Thorough instruction and con- 
stant supervision of the planters by the foreman is essential for 
successful planting. 

Local men, farmers, and settlers in the vicinity usually make the 
best planters. They are likely to be available 1m successive years, 
and their accumulated experience will make their help increasingly 
valuable. ‘They take more interest in the work at the time and more 
interest in the plantations after they are established. 

In furrow planting each man carries his own trees, makes the slits, 
and sets the trees. In other methods, one man makes the shits or 
holes and a second one, following him, carries and plants the trees. 
Each planter carries his trees in a pail, basket, bag, or box. Light 
wooden boxes 10 to 12 inches wide, 20 to 24 inches long, and 5 to 7 
inches deep, with a stiff strap for a handle, have been used to good 
advantage in the Lake States. The roots are surrounded by wet 
moss, or wet burlap if moss is not obtainable, and this should be 
kept moist by watering. Only enough trees for about an hour’s 
planting should be carried at one time. 

In large operations and especially when planting a brushy site, 
it is desirable to provide for series of flags or poles which can be set 
at the ends of the planting rows so that the rows may be kept reason- 
ably straight and no part of the area missed. Ii furrows are made, 
poles or flags are not needed. The furrows can be plowed at any con- 
venient season, but preferably well in advance of planting. Large- 
scale planting, covering a series of years, requires the services of a 
trained man to make the plans, prepare a map, organize the crews, 
and supervise the work. More detailed discussion of such operations 
will be found in Reforestation on the National Forests (67). 


CAUSES OF LOSS OR FAILURE AND THEIR CONTROL 


Many different causes of damage or failure of plantations must be 
considered in forming planting plans, for these can often be pre- 
vented or reduced by taking the right preventive measures in time. 
Such dangers include fire, animals (both domestic and wild), insects, 
fungous diseases, and adverse effects of weather, such as drought, 
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extreme temperatures, frost, winter killing, and sleet and snow break- 
age; also poor stock and careless planting, and competition with 
other growth. : 

FIRE 


A fire, if allowed to run through a young plantation, will almost 
surely kill all the trees in the area. Protection from fire is pecul- 
iarly essential in the northern Lake States for the success of a for- 
est plantation, for such plantations must occupy areas where there 
is more or less grass and brush to dry out to high inflammability 
during the dry periods of spring and fall. 

The protective measures must provide tor preventing fires from 
entering the plantation from outside as well as for the suppression 
of those fires which may start within. The detection of fires is now 
provided for in much of the forest region of the Lake States by the 
State or Federal Governments, or by associations of private owners, 
through a system of lookout towers , telephone lines. and observers. 
Supplementing this, there should also be some one on the ground defi- 
nitely responsible for keeping fires out of the planted area. 

The use of fire lines for the protection of plantations is desirable 
and sometimes necessary. They may be single or double. Single 
lines are plowed 10 to 90 furrows wide on land-subdivision lines, or 
along old logging railroads, or roads through the center of a strip 
on which the brush or tree growth is cleared to a width of 14 to 30 
feet. Before plowing, 1t may be necessary to pull or blow out the 
stumps. The lines are then disked or harrowed periodically to pre- 
vent growth of grass or other vegetation. Double fire lines consist 
of two plowed strips of 6 to 10 furrows, 7 ( to 12 feet wide, located 30 
to 50 feet from and on each side of a section or other subdivision ine, 
or parallel to a traveled road. (Pl. 3, B.) The brush is usuaily cut 
on the strip between the lines so that the stri ip may be burned over 
each year and kept as free as possible from ai Aane ble material. 

Fire lines serve chiefly as barriers to the spread of surface fires, or, 
in case of brush or crown fires, as base lines from which back fires 
may be safely started. Experience has shown that straight fire lines 
are of the greatest value because, in fighting fire, a straight line from 
which to back-fire means the shortest line to watch and one least apt 
to cause fire fighters to become confused. Straight fire lines may also 
better serve as roads. Single fire lines are about half as expensive 
as double lines, but because of overhanging branches from adjoining 
planted areas they are not as valuable for fire protection. Single fire 
lines cost from $25 to $100 per mile where the amount of br ush and 
stumps to be removed is not large. Double lines cost from $50 to 
$200 per mile under similar conditions. If single fire lines are con- 
structed around every 40 acres, as they have been in the plantations 
on the Michigan State forests, where the fire protection is intensively 
organized, they come to 1 mile of line for every 80 acres. The acre 
cost for constr uction i s then 30 cents to $1.25, and this is probably the 
maximum cost for aes form of protection. Ordinarily, fire lines are 
mere widely separated and the costs per acre are correspondingly 
ower. 

The cost of disking or replowing fire lines annually varies with the 
age of the lines. Usually the lines are gone over twice in a season, 
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RODENT DAMAGE AND FIRE CONTROL 


A.—Damage by snowshoe rabbits has kept this northern white pine planted 11 years ago down to 
28 inches high, with its highest living foliage only 18 inches from the ground. 
B.—A double fire line along a road on the Huron National Forest. 
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although on old lines a single hight harrowing is sometimes sufficient. 
Where double lines are maintained, clearing the strips of brush annu- 
ally and burning the grass are usually necessary. The annual cost of 
harrowing with a team is $4 to $5 a mile on single lines, and on 
double lines, including harrowing, cutting brush, and burning grass, 
usually $16 to $18 a E'. Recently on the Eluron National Forest 
the use of a tractor, with a heavy disk plow for fire-line construction 
and a heavy 7-foot double disk for maintenance, has been found to 
reduce costs below those for the same work with horses, and for 
annual maintenance to the low figure of $5 a mile for double lines. 

Fire publicity work, particularly appeals to campers, automobile 
travelers, fishermen, and hunters, reduces the number of man-caused 
fires. Even though the people in a region are in sympathy with 
the forest fire- -pr otection program and cooperate to the fullest extent 
in fire prevention, a workable local fire plan which will provide for 
prompt decisive action when fires start is always needed. The 
owner of a plantation who has an investment at stake can do much to 
increase the safety of his investment by promoting local sentiment 
and action for better fire protection. 


CLIMATIC CONDITIONS 


Critical weather conditions such as prolonged periods of drought 
and extreme temperatures are so important. in certain years that 
they may be responsible for the difference between success and 
failure in a plantation. 


DROUGHT 


A drought period of more than 10 days at the time of planting 
or during the first season following will usually cause heavy losses 
among the planted trees. The sooner the drought period follows 
planting, especially in the spring, the more severe is the loss. From 
a classification of the weather conditions of the seasons in which 
the different plantations examined were established, it appears that 
the mortality in the most unfavorable years, such as 1916 in southern 
Michigan and 1917 in northern Minnesota, 1s almost certain to be 
more than 25 per cent and is likely to be more than 50 per cent. 
Apparently the loss is actually as serious when the drought follows 
fall planting as it is in the spring, although theoretically s spring, 
droughts should cause the heavier losses. (Fig. 4.) 

In moist seasons, plantations of jack pine mixed with northern 
white pine resulted in a survival of 31 to 57 per cent of the jack pine 
and 44 to 55 per cent of the white pine. An area planted under sim- 
ilar conditions, except that the trees were put im in the midst of a 
13-day dr ought in a dry fall, had only 29 per cent of the jack pine 
and 28 per cent of the northern white pine living. Another jack 
pine-northern white pine plantation planted in a dry fall in the 
middle of an 11-day drought had only 30 per cent of the jack pine 
and 34 per cent of the white pine living, as compared with 54 per 
cent and 50 per cent, respectively, in a plantation on the same soil 
where competition and rabbit damage were more severe, but no 


40146°—29—_3 


34 BULLETIN 1497, U. S. DEPARTMENT OF AGRICULTURE 


drought was experienced. An otherwise similar fall planting of the 
same species in a more favorable season had 70 per cent and 51 per 
cent, respectively, of the trees living. 


HIGH TEMPERATURES 


The periods of extremely high temperature which occur almost 
every year also cause heavy losses, although the effect of the heating 
is difficult to distinguish from that of drought, s since the two condi- 
tions usually occur together. Air temper atures of over 90° F. result 
in temperatures at the surface of the soil in the sun of 110° to 130° F. 
Temperatures above 120° have been shown to be fatal to the life 
activities of protoplasm, and it is only the protection given by the 
bark of the trees that prevents complete loss under these conditions. 
Northern white pine has a very thin bark and therefore suffers most 
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FIGURE 4.—Survival in relation to weather of season of planting 


from the heat. Examples of disastrous losses from this cause are 
furnished by two northern white pine plantations in Michigan, where 
1-year seedlings were set out in May, 1916, on sandy soils. As a 
result of maximum temperatures of over 90° F. in the shade on 10 or 
more days in late July, only 14 to 16 per cent of the trees survived. 
This is the chief reason why northern white pine should not be 
planted in exposed soils. 


FROST, SNOW, ICE, AND WINTER KILLING 


The other effects of weather which sometimes cause serious losses 
are late spring frost, heavy wet snows or ice which bend over and 
break the trees, and what is usually called winter killing. Frost 
damage, as with all crops, occurs In years when a heavy frost comes 
after orowth j is well started. The damage varies locally and is much 
more severe on low ground near swamps or stream courses and in 
slight depressions, or even in openings in the natural tree growth 
on the uplands. The evidence of this variation is plain to anyone 
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passing through a plantation; in any moderate depression the foliage 
on the tips of the twigs may be brown or withered from damage 
caused the previous spring, or a partial or total lack of living trees 
may testify to similar damage in previous years. Norway and ‘north- 
ern white pine are particularly susceptible to frost damage. Jack 
pine is apparently able to withstand regularly frosts which would 
destroy the other two pines. The damage from frost rarely if ever 
occurs under the cover of natural tree erowth or of other vegetation. 

Snow and ice breakage is infrequent “and usually unimportant, but 
becomes serious in an ‘exceptional storm like that of February 21, 
1922, which wrecked many hardwood trees in a zone through centr al 
Michigan and Wisconsin. Winter killing may be serious in the 
occasional year. It occurs when a period of unusually warm weather 
in the winter or early spring while the ground is frozen causes the 
leaves of the pines and spruce, which retain their foliage through 
the winter, to give off moisture which the roots can not replace. The 
result is a browning of the needles the following spring and possibly 
the death of many of the trees. 

In the plantations studied, the combined damage from snow and 
ice breakage, frost, and winter killing rarely affected more than 5 
per cent of the tr ees in any plantation, and evidence of such damage 
was only noted in 4 out of the 15 Norway spruce plantations, in il 
per cent of the northern white pine plantations, in 7 per cent of the 
Norway pine, and in 6 per cent of the jack pine. 


ANIMALS 


The snowshoe rabbits in Minnesota and the adjacent part of north- 
ern Wisconsin during 1923, 1924, and 1925 caused excessive losses in 
forest plantations, and indeed to all young growth of forest trees. 
In Minnesota all of the northern white pine plantations examined 
were damaged, 78 per cent of the white spruce, and 55 per cent of the 
Norway pine. In a large number of plantations every tree which 
could be found had had the tip and branches cut back until only a 
stub was left. (Pl. 3, A.) More than half of the white pine and 
white spruce plantations had over 70 per cent of the trees cut back. 
The Norway pine plantations suffered less but apparently only be- 
cause they were more often set out on the dry open sandy areas where 
the rabbits are less abundant. 

The rabbit damage in most of Wisconsin and in Michigan is much 
less severe and is usually confined to the planted areas near swamps 
and streams. Even so, however, rabbits are among the most serious 
enemies of forest planting in the region. Rabbit damage was noted 
in 53 per cent of the Norway spruce plantations in these States, 38 
per cent of the northern white pine, 8 per cent of the Norway pine, 
and 7 per cent of the jack pine plantations. Only rarely, however, 
had more than 30 per cent of the trees been injured. 

There is a general impression that the rabbit population fluctuates 
in cycles of about seven years; that is, after they have increased to a 
maximum number during a 7-year period the increase of their natural 
enemies or some epizootic ordinarily causes them to die off in such 
numbers that it is another six or seven years before they regain their 
former abundance. Recent years in which the rabbits have been 
most abundant are 1901, 1902, 1908, 1914, and 1923 to 1925. On the 
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basis of the 7-year cycle, they should have, and are reported to have 
decreased in numbers during 1925. When they are as abundant as 
they were in Minnesota in 1923 and 1924, it is a question whether 
planting operations should be undertaken except on the open sandy 
soils. ‘The removal of the closed season on snowshoe rabbits should 
tend to control them somewhat, but they are not much hunted in any 
season in a region which abounds in more desirable game. The use 
of poisoned bait would probably be effective in controlling them 
locally on areas occupied by plantations.” 

A thoroughly satisfactory solution of the rabbit problem has not 
been worked out. If it is assumed that rabbits will be sufficiently 
abundant to do serious damage at six to seven year intervals, it is 
desirable to do as much planting as possible in the year in which they 
die off in order that as many trees as possible may attain heights of 
over 3 feet and have their tops beyond the reach of the rabbits before 
they are seriously attacked. The period is not likely to be sufficiently 
long, unfortunately, to avoid much of the loss, for usually only a few 
of the trees in plantations of northern white or Norway pine or 
spruce are more than 3 feet high at 6 or 7 years of age. 

Since the rabbits seem to avoid open country, trees planted in the 
open, in clearings, or where there is little or no brush, are less likely 
to be injured. An experiment at the Cloquet station showed the 
damage from rabbits to be much more severe under dense jack pine 
15 years old than under a moderately dense 35-year stand or an open 
75-year stand. In another experiment, rabbit damage was heavy on 
a site characterized by a dense growth of alder, willow, and aspen, and 
negligible on a site with a cover of sweet fern (29). 

Deer, porcupines, mice, and red squirrels all occasionally damage 
forest plantations. Where deer are abundant, as in Itasca Park, 
they nip the needles of the pines. Porcupines sometimes girdle the 
northern white pines, usually up in the crown where the bark is 
tender; and if the girdling is complete the top dies. They may also 
kill the small trees, although evidence of this has not been observed. 
Mice have been known to girdle the trees in young plantations near 
the ground line under the snow. This form of damage, however, 
has not been evident in the Lake States. In a few plantations the 
buds, particularly of Norway spruce, had been eaten off. Grosbeaks 
in Michigan have been known to do this. Red squirrels also eat 
the buds and cut off the small twigs. 

Further information of what measure to take to combat damage 
by wild animals or rodents may be obtained from the Bureau of 
Biological Survey, United States Department of Agriculture, Wash- 
ington, D. C. 

Goats, sheep, cattle, hogs, and horses should be kept out of forest 
plantations, to prevent damage both from their browsing the foliage 
and twigs and from trampling. Only a few of the plantatiens in 


®°The Bureau of Biological Survey (20) has suggested the scattering of poisoned bait in 
early spring a few hours before sunset along the rabbit trails and in openings. The ree- 
ommended poison mixture consists of 1 ounce strychnine sulphate, 1 teaspoonful saccharin, 
and % cup gloss or laundry starch in 1 quart of water. The strychnine and saccharin 
are dissolved in the water by boiling, the starch, already softened with cold water, is 
added, and the boiling is continued until the solution thickens. Fifteen pounds of twigs 


of native brush—aspen, for example—cut in 2 or 38 inch lengths, are coated with the 
mixture, which is then ready for immediate or later use. There are serious objections to 
this method, however, in a region where desirable game animals would also suffer from 


the distribution of the poison. 
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the Lake States have been used for pasture and furnish examples 
cf damage by domestic animals. The almost total failure of one 
plantation of Norway and northern white pine on a favorable site 
could be explained only as the result of the grazing of a band of 
sheep for two or three years after the plantation was established. 
Sheep and goats actually eat the foliage and are therefore likely 
to be more destructive than cattle or horses, which cause injury 
chiefly by trampling. The damage done by any kind of grazing 
animal in any one year may seem to be negligible, but over a period 
of years it is likely to mean the difference between success and failure 
of the timber crop. Studies in other parts of the country have shown 
that the degree of damage depends largely on the number of stock 
per unit area, and the way they are handled, the damage being 
greatest where they bunch together. The damage in a pasture which 
28 overgrazed and where the feed becomes scarce is much greater 
than where the grass and more palatable herbage are abundant. It 
has been suggested that grazing is an advantage because it keeps 
down the grass and inflammable material and thereby reduces the 
danger of destruction by fire. This is undoubtedly true, but the 
risk of fire loss is not believed to be greater where reasonable protec- 
tion measures are provided than the possibility of serious loss of 
the planted trees through pasturing of domestic animals of any kind. 


INSECTS 


Insect damage to forest plantations appeared to be comparatively 
slight. In the plantations from 5 to 20 years old, only rarely was 
a tree found which was damaged by insects to the extent that it was 
likely to die. Jack pine appeared to be the most susceptible, 82 per 
cent of the plantations examined having been attacked. In many 
of them almost all of the trees were or had been infested by the jack 
pine form of the spruce budworm, which attacked the new twigs in 
the early summer. 

Northern white pine is frequently attacked by the white pine wee- 
vil. The larvae feed on the terminal shoot under the bark and kill 
it. One or more of the side branches then become leaders, with the 
result that growth is retarded and the trunk usually develops a crook 
or fork. Worty-two per cent of the white pine plantations examined 
bore evidence of this insect, but rarely were more than 10 per cent 
of the trees attacked and in no case more than 20 per cent. Graham 
in a study of the weevil (25) concluded that, to avoid serious damage, 
northern white pine should be maintained in dense stands. Pierson, 
im New England, (4/7) came to the same conclusion and also sug- 
gested that northern white pine be grown in mixture with hardwoods 
such as oak, maple, and ash, the northern white pine to form not 
more than 20 to 25 per cent of the larger trees in the stand. 

Forty-seven per cent of the Norway spruce plantations bore evi- 
dence of damage by insects of one kind or another. A few of them 
were heavily infested by the spruce gall aphis (Chermes sp.), which 
causes a gall-like growth at the tips of the twigs. 

Norway pine is the least subject to insect damage of any of the 
planted species. Insect work was noted in only 12 per cent of the 
plantations. Only rarely were more than 2 per cent of the trees af- 
fected and then only slightly. 
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The plantations of white spruce were still small and had not been 
attacked by insects. The spruce budworm which has been so destruc- 
tive in the natural stands of balsam fir and spruce in northern Min- 
nesota is much less likely to attack stands of white spruce on upland 
sites where balsam fir is not associated with the spruce, since the in- 
sect prefers the balsam fir. The danger is still further reduced when 
the white spruce is planted in mixture with northern white or Nor- 
way pine. 

The larch sawfly has almost completely destroyed the larger timber 
of native tamarack in the region. The tamarack is more likely to be 
able to survive this damage when it is planted on upland sites. This 
insect also attacks the Kuropean larch. 

Grasshoppers may prove very destructive to young plantations 
just established and are liable to be more serious in dry years. In 
one year fall planting on the Michigan State forests had to be ter- 
minated because the grasshoppers ate the seedlings as fast as they 
were planted. 

‘The larvae of the June beetle, commonly known as white grubs, 
undoubtedly cause some mortality in many of the plantations by 
cutting off the roots before the trees are well established. In the 
eastern part of the northern peninsula of Michigan, heavy losses in 
plantations have been ascribed to this cause. On the Minnesota 
National Forest, also, the white grubs do considerable damage. 
Elsewhere, however, the damage has not been excessive. 

Ants have been known to kill patches of pine in plantations, and 
occasional trees were noticed, usually northern white pine, which may 
have been killed by them. They are not, however, a serious cause 
of damage. 

If msect damage is found in forest plantations, specimens of the 
insect and its work should be collected and sent to the representative 
of the Bureau of Entomology, United States Department of Agri- 
culture, who should be addressed as Forest Entomologist, School of 
Forestry and Conservation, University of Michigan, Ann Arbor, 
Mich. He is prepared to identify the insect and recommend 
measures for its control. 


FUNGUS DISEASES 


Fungi are a minor cause of damage in the plantations in the Lake 
States to-day. The most dangerous one is undoubtedly the white- 
pine blister rust, which attacks and kills white pines. No damage 
from this fungus was observed, however, in the plantations examined. 
Trees may be protected from it by eradicating all current and goose- 
berry bushes within 900 feet of the plantation. White pine should 
not be planted within a mile of black currants (2. nigrwmL.) Where 
currants or gooseberries are so abundant as to make the cost of their 
eradication prohibitive, species other than northern white pine 
should be planted. . 

Jack pine is subject to a stem rust (Cronartiwm cerebrum (Peck) 
Hedge. and Long) which causes bulb-like swellings on the branches. 
Only occasional branches and trees are infected, however, and the 
damage is not serious. Eight per cent of the jack pine plantations 
had 1 or 2 per cent of the trees infested. 
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Fungus diseases in the plantations of the other species were neg- 
ligible. The United States Department of Agriculture, Bureau of 
Plant Industry, Office of Forest Pathology, Washington, D. C., or 
the State botany or plant pathology departments are prepared to 
identify and give advice on the control of tree diseases. 


PCOR STOCK AND CARELESS PLANTING 


Careless planting and poor condition of the trees when planted 
may often be more serious causes of loss in forest plantations than 
’ those which have been mentioned. Information on the care of plant- 
ing and the quality of the stock was obtainable only for part of the 
plantations and was mostly based on a more or less hazy recollection 
going back over several years. It is almost certain, however, that, 
except in the occasional very favorable year, there is some loss from 
these two causes. Tree roots may be injured or partly broken off 
when the trees are dug in the nursery, or they may dry out or become 
heated if there are delays in shipment, or they may dry out after 
they are received and before they are planted. 

Nursery operations, both public and private, are usually well 
managed and at the present time produce good planting stock, so that 
the loss due to poor condition of the stock when received is likely to 
be small, probably not over 5 per cent. Grading of the trees as they 
are dug in the nursery is not generally practiced. If grading were 
practiced it would be possible to transplant and save the 10 to 30 per 
cent of the trees which because they are poorest are most likely to die 
when set out, particularly if the season following planting is unfa- 
vorable or the planting site is not of the best. 

Exposure of the trees even for one hour or less before planting and 
consequent drying of the roots have been found to result in heavy 
losses. Exposure is worse in the sun than in the shade (27), and 
damage is greater in the spring than in the fall (79). Even 10 to 
20 minutes exposure on a windy day may be serious. This is an all 
too common cause of large losses, which are inexcusable because they 
can be so easily avoided by keeping the roots moist until they are 
in the ground. 

Careful planting is largely a matter of the experience and care of 
the man in charge and the members of the planting crews. Where the 
planting is done by experienced crews the loss from this cause 1s 
unquestionably less than 5 per cent, even when the men are under 
pressure to work fast and keep down the cost. On the other hand, if 
the planting is done by inexperienced men the trees are likely to be 
set too deep or too shallow, or the soil to be not well firmed around 
the roots, practices involving heavy losses. Where experienced 
planters are not available, ordinary laborers must be placed under 
the thorough supervision of a competent man and taught to plant 
careiully. In this way the results may be as good as with an experi- 
enced crew, although, until the men become used to the work the rate 
of planting will be slower and the cost higher. 


COMPETITION 


The effect of competition between the planted trees and natural 
_tree growth, shrubs, brush, and other vegetation was studied in some 
detail. The term competition is used to express the effect upon the 
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planted trees of the demands of other closely adjacent trees, brush, or 
sod for the same space, light, soil moisture, and soil nutrients. A1- 
though soil moisture is probably the most important of a elements 
in the competition, no attempt will be made in this discussion to 
distinguish between the elements. 

It is evident in all the plantations that trees planted under the 
crowns of larger trees already established grow slowly. Many trees 
so planted died or were in poor condition and seemed likely to die. 
Outside the ground area covered by their crowns the effect of the 
larger trees on the growth of the planted trees was sheht. Jack pine 
is least able to survive this competition. Norway pine survives better 
than jack pine but usually not satisfactorily for more than about 10 
years after planting. Northern white pine, white spruce, and Norway 
spruce survive well in competition with trees which shade them, but 
their growth is comparatively slow. 

The only plantation studied in which northern white pine exceeded 
Norway pine in height growth where the two species were planted 
under identical conditions was one in which the natural tree growth 
covered 50 per cent of the area. The average annual growth “of the 
white pine was 0.18 foot and of the Norway pine 0.14 foot. If the 
average annual height growth of all the trees in the plantations of 
the northern white pine ‘be taken as 1, that of the pines planted under 
larger competing natural growth will be represented by 0.90. For 
Norway spruce, the relation is 1 to 0.76; for Norway pine 1 to 0.58; 
and for jack pine 1 to 0.56. in other words, jack pine is most retarded 
(its early height growth being reduced almost one-half) by the 
competition of other trees, and ‘northern white pine is least affected 
and then only to the extent of one-tenth. (Fig. oS) 

The effect of competition on the percentage survival is more com- 
plicated than its effect in retarding growth, because conflicting influ- 
ences are involved. During the first few years the competing vege- 
tation protects the planted trees from excessive heating and thus 
may save many of them from death at critical times. On the other 
hand, competition deprives them of hght, moisture, and nutrients and 
in this way causes losses which tend to become heavier as the trees 
grow larger and the struggle for life becomes keener. 

Other elements in the effect of competition include the kind and 
density of the competing natural tree growth. Of the common trees 
occurring naturally on plant: ng areas, the con upetition of jack pine is 
more serious than that of aspen, which in turn is more injurious than 
that of the oaks. Even a stand of jack pine may not always be pro- 
hibitive, however, for in an experiment at Cloquet such a stand did 
not prevent a northern white pine underplanting from having at 12 
years a 90 per cent survival. The influence of density of the natural 
tree growth is indicated by experimental plantings by the Cloquet 
Forest Experiment Station in Minnesota (29), in which northern 
white, Norway, and Scotch pines were planted under jack pine 
stands of three different densities. Survivals after five years were 
highest in the 70-year open stand, next in the 35-year dense stand. 
and poorest in the 15-year dense stand. The northern white pine had 
the largest proportion living, with successively smaller percentages of 
Scotch | pine and Norway pine. 
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FIGURE 5.—Hffect of competition of natural tree growth on the height growth of 
planted trees. Wide bar marks average of all plots; single plots that attain 
more than the average are notched on narrow bar, numerals indicating two or 
more plots of the same height 
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The effect of grass and other low vegetation on the planted trees 
is not as well marked. It has been brought out that furrow planting 
or the removal of a square of sod in slit planting results in somewhat 
better survival and that the difference is probably due to the elimina- 
tion of the root competition of the grass and brush for the first few 
years. It is generally stated and it seems reasonable to believe that 
the competition of sod for moisture causes losses of the planted trees. 
In this study, however, the percentages of the trees living in planta- 
tions with different quantities of sod, sweet fern, blueberry, brake 
fern, hazelnut, or raspberry do not show significant differences. The 
results on sites where the hazel was thick were usually poor, but this 
was due partly and perhaps chiefly to the damage by rabbits, which 
abound on such areas, rather than to the direct competition of the 
hazel. 

Shade of the natural vegetation may sometimes be more beneficial 
to the planted trees than the competition of its roots is detrimental. 
Although this effect did not appear in the study of plantations in the 
Lake States, it has been demonstrated by 2-1 stock in experimental 
northern white pine plantations in Massachusetts (42) where 57 per 
cent without shade lived, and 85 per cent with some shade. Similar 
tests with 2-0 stock yielded 33 and 69 per cent respectively. Root 
competition accounted for 10 per cent of the loss of the unshaded; and 
of the shaded, 20 per cent. The removal of the grass in July in a 
northern white pine plantation in New York (50) resulted in heavy 
losses, attributable directly to the exposure. 

The areas occupied by patches of mosses and lichens, which are 
frequently found on the dry sandy sites, are apparently extremely 
unfavorable to the establishment of planted trees, the mosses and 
lichens themselves or the soi! conditions presumably preventing other 
forms of vegetation from becoming established there. For example, 
a mixed plantation of Norway and jack pine on an area with 35 per 
cent cover of moss had only 21 per cent of the trees of each species 
living, whereas a plantation under otherwise similar conditions but 
without the moss had 59 per cent of the jack pine and 50 per cent of 
the Norway pine living. Whatever the cause, living trees were rarely 
found in these patches of moss, and a plantation with much of its-area 
occupied by the moss had a cor respondingly low survival of trees. 

A thick growth of laurel, such as is characteristic of some low sandy 
soils, is also unfavorable to the establishment and growth of planta- 
tions. Only 25 per cent of the jack pine and 40 per cent of the Nor- 
way pine remained in a mixed planting of the two species under a 45 
per cent cover of laurel, whereas a similar planting without the 
laurel had 48 per cent and 56 per cent of the trees living. The 
average annual height growth with the laurel was 0.33 foot for 
jack pine and 0.23 ‘foot for Norw ay pine, and without the laurel 
0.56 and 0.31 foot, respectively. 

The combined effect of all the foregoing causes, including weather, 
fire, animals, insects, diseases, careless planting, poor stock, and com- 
petition, has resulted in losses of not more than 10 to 50 per cent 
of the trees. On the whole, therefore, no one of these causes, which 
are often indistinguishable, can be said to be prohibitive of forest 
planting in the Lake States. 
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THINNING, PRUNING, AND INTERMEDIATE CUTTINGS 


More trees are planted in forest plantations than will live to 
be harvested in the final crop, and it is therefore desirable to thin 
out some of them, unless losses have been so heavy or the spacing 
is so wide that less than 400 or 500 trees to the acre remain. As- 
suming that there have not been heavy losses, a certain proportion 
of the trees should ordinarily be cut before the competition between 
them becomes so severe that considerable numbers are dying nat- 
urally. 

If the trees are spaced 6 by 6 feet, a first thinning should be made 
when they are about 25 years old. At this age, the trees will be 
from 1 to 7 inches in diameter, and only a few of those which are 
cut will be large enough to be otherwise marketable, but they prob- 
ably will have sufficient value locally for fuel to pay for the cost 
of cutting them. The benefit of the operation will then come in the 
increased growth and improved quahty of the remaining stand. 

With 8 by 8 foot spacing, thinning does not become necessary 
until the trees are 40 or 50 years old, but at that time the product 
of the thinning will undoubtedly be merchantable for pulpwood 
or fuel and will bring a small profit over the cost of the operation. 

Plantations spaced 5 by 5 feet or closer should be thinned when 
they are about 15 years old and before they will yield marketable 
wood material. (Pl. 4.) Thinnings in spruce of this age can 
usually be marketed at a good profit in December for Christmas 
trees. 

As there are several methods of making thinnings, the advice of 
a forester” should be obtained to assist in marking the trees to 
be cut. As a general principle, thinnings should be made lightly 
and frequently, even though the procedure is often not feasible 
economically. In Germany thinnings are made every 10 years 
and give 25 per cent of the net profit from the whole forest crop. 
Always in a thinning operation, trees which show evidence of 
disease or insect work or are crooked or broken should be removed. 

Pruning the trees in forest plantations by cutting off the dead 
and lower green limbs with a saw or ax is sometimes practiced. If 
an ax is used, the branches should be cut from beneath by upward 
strokes to avoid splitting. ‘The branches should be trimmed close 
to the trunks so that the new wood that will form over the branch 
scars will be without knots, making the lumber of higher value. 
mince logs for sawing are usually cut in 16-foot lengths, pruning for 
the production of high-quality logs should be to a height of 17 feet 
from the ground. ‘This can be done for the higher branches by at- 
taching a saw to a pole. Only the 200 or 300 trees to the acre which 
are most vigorous and will make up the final timber crop need be 
pruned. 

The effect of the pruning on the quality of the timber was demon- 
strated in a northern white pine stand in New Hampshire (//, 43). 
The best trees, which were to be kept for the final crop, were pruned 
when they were 3 or 4 inches in diameter. After 20 years they had 
added sufficient clear wood to make cutting profitable. The owner 
of this area found that the pruning increased the value of his lum- 


7 Lists of names and addresses of consulting foresters are sent out by the Forest Service, 
United States Department of Agriculture, Washington, D. C., upon request. 
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ber about $40 a thousand board feet. The same owner concluded 
that it did not pay to prune Norway pine. 

In an unpruned pine or spruce plantation during the first 15 
years the limbs have needles almost to the grournd,and the risk of 
complete destruction if fire gets started in the plantation is great. 
Pruning unquestionably reduces this fire risk. But pruning costs 
from $5 to $20 an acre, or as much as the planting of the trees in 
the first place. So large a cost is not justified as a protection 
measure, because effective fire protection can be obtained at much 
lower cost by the construction of fire lines and the maintenance of 
a fine-protective organization during dangerous seasons. Pruning for 
protection can only be justified over small areas where it may be done 
im spare time by an owner himself or by a fire guard on rainy days, 
the cost thus being only incidental. 

As a means of increasing the value of the timber, if the results 
obtained in New Hampshire with northern white pine are apph- 
cabie elsewhere, pruning is amply justified; though there is always 
the chance that the wounds made by cutting the branches may result 
in attacks and losses from insects and diseases which might offset 
the increased value due to improved quality of the product. Prun- 
ing is chiefly desirable in plantations which are widely spaced or 
composed of trees, like northern white pine, which do not shed their 
branches easily. 

Cuttings to release planted trees will be needed on cut-over lands 
where hardwood stumps sprout or where there is a natural growth 
of aspen, paper birch, oaks, jack pine, or other trees which have 
a start over the planted trees or grow more rapidly than they can 
during the first few years and are likely to crowd them out. North- 
ern white pine and the spruces will ordinarily suffer only a little 
retardation of growth, and the plantations may even benefit from 
overhead shade by increased survival! until they are 15 or 20 years 
old and 5 or 10 feet high. About that time the larger natural 
erowth of other species should be cut. If the brush is dense, 
however, and the planted trees are being damaged, it may be wise 
to release them within five vears after planting. 

In plantations of jack and Norway pine, any competing natural 
tree growth should be cut as soon as possible so that the planted trees 
may have the benefit of ample light and space for their roots. 
Faster-growing hardwoods that appear about the time of planting 
and are likely within the next 10 years to damage the planted trees 
by crowding them and by whipping back and forth in the wind 
should be removed while they are still small, when the operation can 
be done most cheaply. It is not safe to wait until the hardwoods 
are of merchantable size. The best time to remove them is when they 
are still so small that a man with an ax or brush hook can cut them 
off with a single stroke for each stem. At the time the cleanings are 
made, any of the planted trees which are diseased or badly infested 
with insects should also be removed. This first release cutting or 
cleaning, usually made when the plantation is 3 to 5 years old, should 
be repeated five years later and if needful at intervals thereafter 
until the planted trees are as tall as the competing growth. Trees 
of desirable kinds which occur naturally on the area and are not 
ee with the planted trees should be left to form a mixed 
stand. 
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The cost of cleaning varies with the number of stems to be cut and 
may require from one hour to two days of one man’s time to the 
acre. ‘Lhe cost will therefore be from 50 cents to $7 an acre. Even 
as much as $15 an acre may pay (30). Fisher (22) (23) on the 
Harvard Forest in Massachusetts has made cleanings to release young 
pines at a cost of $2 to $5 an acre for each cleaning and considers 
that there will be a gain in the crop value at maturity of $250 to 
$325 an acre over similar pines unreleased from competition with 
inferior hardwoods. 


COST OF PLANTING 


There are four elements in the cost of planting forest trees; 
namely, the nursery stock, the planting operation, the maintenance 
and protection of the plantations, and the taxes on the land. 


NURSERY STOCK 


High-quality nursery stock for forest planting can usually be ob- 
tained at low price from the State nurseries in Michigan and Wis- 
consin, if ordered for planting within the respective State bound- 
aries. Applications should be addressed several months in advance 
of the time of planting as follows:® 


Michigan: Department of Conservation, Lansing, or Department of 
Forestry, Michigan State College, Hast Lansing. 
Wisconsin: Conservation Commission, Madison. 


If the kind or amount of stock desired can not be supplied by the 
State nursery, the Forest Service, Washington, D. C., will furnish 
to any one on request a list of dealers in tree seeds and seedlings with 
whom orders may be placed. 

Commerciul dealers and nurseries in the region ordinarily supply 
a demand for ornamental and orchard planting stock in small num- 
bers and large sizes at costs that would be prohibitive for forest 
planting. It might be possible, however, to obtain stock from com- 
mercial nurseries at a cust low enough to make forest planting 
profitable if a large order could be given far enough in advance to 
enable the nursery to grow the trees from seed for the two or three 
years until they were ready to be planted. Price quotations should 
be obtained from several different dealers before an order is placed. 

If one has the time and attention to give to it or if large quanti- 
ties of stock are needed, there are advantages in raising the nursery 
stock locally from seed. In this way stock of the desired kind and 
size 1s ready when wanted for planting. Since the stock is at or 
near the planting site, the danger of loss from delay in transit is 
avoided. Locally grown trees are also best adapted to the local 
climatic and soil conditions. Economical and successful nursery 
operation, however, requires that a trained man be in charge, and 
such a man will! usually be interested only if year-long empioyment 
is provided. Large-scale production is almost necessary to justify 
the overhead expense; but the cost of producing the stock on a large 
scale may be expected to be less than the price at which it can be 
obtained from any other source. 


8In Minnesota the only State nursery is that of the Cloquet Forest Experiment Station. 
at Cloquet. No distribution for forest planting is made by that State. 
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The stock raised in small home nurseries has most of the ad- 
vantages of any other locally grown stock, except that it is likely 
to be more expensive. However, anyone who wants to do some 
planting on a small scale and has spare time for it will find the 
nursery work thoroughly interesting, even though it may not be 
wholly successful until experience has been gained. 

If any one company or individual is not in a position to operate 
a nursery on an economical scaie, the same advantages may be 
obtained by the establishment of a joint nursery to supply the needs 
of a group of landowners in the same district. Similarly, with 
increasing recognition of forestry enterprises as appropriate county 
and city ‘activities, it may be well to oeeaiee the establishment of 
communal forest nurseries to provide stock for planting on county 
or city forests and also for distribution at low cost to local owners 
of forest land in need of planting. 

Seed for any nursery should be collected from trees growing as 
near the nursery or planting site as possible. Stock “from seed 
gathered in a region of different climatic conditions is lkely to 
produce a. less satisfactory crop of trees than that from local. seeds. 
Even the difference between seed from southern or northern Wis- 
consin may be important. 

Nursery practice is not discussed in this bulletin. Good directions 
for nursery practice may be found in publications of the United 
States Department of Agriculture and in other publications (66, 67, 
68, 69, 70). 

PLANTING OPERATIONS 


The cost for any individual planting operation depends on the con- 
ditions on the area to be planted. Three methods of forest planting 
have been previously described: {1) The hole method, by which a 
hole is dug for the tree with a spade or mattock; (2) the slit method, 
by which ‘the trees are set in slits where plowing is impracticable; 
and (3) the slit-furrow method, by which-the trees are set in slits in 
the bottom of plowed furrows. ‘Labor is the largest cost element 
in these operations, varying locals seasonally, and annually in this 
region in the last few years s from $2 to $4.50 a day. An average cost 
of $3.50 a day has been used as a oe for the following cost figures. 
By slit-furrow method a man may be expected to plant 1,500 to 2,000 
trees in a day, although records as high as 2,900 to 3,100 have been 
made by crews on the Huron National Forest. The cost of plant- 
ing exclusive of plowing by this method will be from $2.50 to $3 a 
thousand trees. In these and the following costs, about one-third 
of the labor cost has been added for supervision and equipment. By 
the slit method a man will plant 1,000 to 1,200 trees in a day, and 
the cost will be from $4 to $4.50 a thousand trees. The hole method 
is the slowest, and 400 to 600 trees per man per day at costs of $8 
to $11 a thousand are representative. 

Obviously, the number of trees to the acre directly affects the plant- 
ing cost on an acre basis. In the slit-furrow method the distance 
between furrows and, therefore, the amount of furrow to be plowed 
also affects the cost. The costs per acre of planting 1,740, 1,210, and 
680 trees to the acre for the different species, classes of nursery stock, 
and methods of planting are shown in Table 5. 
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TABLE 5.—Costs of planting different species by slit-furrow, slit, and hole 
methods with different spacing 


Cost per acre according to 
Trees Cost of spacing ? 
set per Setting 


Planting stock and method of planting man per | per 1,000 


day trees 1 5 by 5 6 by 6 8 by 8 
feet feet feet 
Jack pine, 1-0 stock at $1.50 per M: Number 
Sitttunmow,met node.) a2 3 ae a ee 2, 000 $2. 50 $7. 96 $5. 69 $3. 37 
Slitemethode is 2s2 oe. Se ea Ee ee ee eee 1, 200 4.00 9. 57 6. 66 3. 74 
EVO lea e ENO Ci es he ee 600 8. 00 16. 53 11. 50 6. 46 
Norway pine, 2-0 stock at $3 per M: 
Slittfumowamethod 2! 622 oe ee eee 2, 000 2. 50 10. 57 7. 50 4, 39 
Sir aa (oF 0 (0X0 Hee eee en he OE ef SS A ne eee 1, 200 4. 00 12. 18 8. 47 4, 76 
FEVolenmeino Gels aie sisi Bee ee ee ag 600 8. 00 19. 14 13. 31 7. 48 
Northern white pine, white spruce, and Norway 
spruce 2-1 stock at $5 per M: 
Shiic mi reOwalnet od seater ee ee 1, 500 3. 00 14, 92 10. 53 6. 09 
Slips tivo Gaewes Leen Se Rae es ee ee a 1, 000 4. 50 16. 53 11. 50 6. 46 
LOLA EAG FOGG se. RS ee gs ee eg a ee ee 450 10. 50 26. 97 18. 76 10. 54 


1 Cost of furrow in slit-furrow method not included. : 
2 For slit-furrow method, $1, 85 cents, and 65 cents added according to spacing for cost of plowing, based 
on 8 miles of furrow in 3 day plowed by a man and team at $5. 


Taking into consideration all of the variable elements of cost in the 
planting process alone, there is evidently a wide range in total cost. 
Table 5 indicates a minimum of $3.37 per acre for small jack pine 
stock planted by the quickest method on an easy planting site, and 
with a comparatively small number of trees to the acre. Actually, 
during the six years, 1920-1925, 10,483 acres of the sandy lands of 
the Michigan National Forest were planted, 680 trees to the acre, 
chiefly with 2-year Norway pine seedlings, at an average cost of $3.48 
an acre. At the other extreme, 3-year transplants of white pine or 
spruce planted at the rate of 1,740 trees to the acre by the hole method 
would cost about $27 an acre. Costs as high as this or higher have 
not been uncommon in small-scale planting operations in the region 
where: inexperienced men did the work under instructions which 
demanded careful planting, even at the sacrifice of speed. Planting 
units of 500 or 1,000 or more acres are desirable in order that the cost 
per acre may be kept to a minimum. 


PROTECTION FROM FIRE 


Protection from fire is an essential current cost in every forest 
plantation in the region. The cost of the construction of fire lines 
at the time of planting is usually less than 50 cents an acre. The 
disking and clearing of the fire lines and the employment of men ta 
be on the ground during the dry seasons to insure care with fire by 
persons in or near the plantations and to put out any fires which 
may start are the chief elements of current cost. Lookout towers, 
telephone lines, and other detection measures have not been included, 
since the States provide with increasing effectiveness for this part of 
the protection. The probable annual cost to the private owner of 
protecting his plantation may therefore be placed at 5 cents an acre 
a year. It may exceed this amount for an owner of a small area who 
has to hire a man on full time during the fire season, but it will almost 
certainly be less for the owner or group of owners who organize 
protection. for large areas. For the State or Federal Government 
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protection must include other items, such as detection, and these may 
raise the costs sometimes to as much as 10 or 15 cents an acre. Actual 
costs on the Michigan and Minnesota national forests are 9 cents 
and 4 cents an acre, respectively. Ordinarily fire protection is the 
only maintenance cost except for the occasional expense of cleanings 
or cuttings in areas where there is considerable brush or natural tree 
growth competing with planted trees. 


TAXES 


The taxes on cut-over and denuded lands in the Lake States vary 
from 5 or 10 cents to 85 cents an acre. ‘They are less on the sandy 
land. of the southern peninsula of Michigan where the frequent fail- 
ure of attempts at farming over a period of years have generally 
proved the land’s low value, and they are higher in the developing 
portions of northern Wisconsin and Minnesota where there is still 
some optimism in the matter of land settlement and development. 
An average figure for the tax on cut-over land in the northern Lake 
States is probably about 35 cents an acre annually. Although this 
rate is not always prohibitive to forest planting where other condi- 
tions are favorable, the difference between 35 cents and 10 cents for 
Isrge areas in the Lake States may, under present economic condi- 
tions, mean the difference between a profit and a loss in the results 
of the planting operation. 


GROWTH OF PLANTATIONS 


Since the plantations in the northern Lake States have not yet 
reached an age or size to be cut and marketed, definite figures on 
growth and yield can not be obtained. It has been necessary to 
estimate their future yield by making comparisons of their growth 
during the first 10 to 25 years with natural growth, and with the 
growth of plantations of the same species and ages in other regions. 


GROWTH IN HEIGHT 


For the first 10 years jack pine grows the fastest in height, Norway 
pine next and a little faster than northern white, and white and 
Norway spruce somewhat slower than northern white pine. (PI. 5.) 
The comparisons between species are brought out in Figures 6 and 7 
and in Table 6. Jack pine reaches twice the height of Norway or the 
white pine during the first 10 or 15 year period, when these species 
are characteristically slow of growth, but after that period it does 
not increase its lead at the same rate, if at all. Scotch pine (fig. 6) 
grows only a little less rapidly than jack pine and on the cultivated 
soils even faster. However, nearly all of the older plantations of 
Scotch pine in the region are so crooked and so limby that it is doubt- 
ful if they will ever be used for anything but firewood, and this is 
likely to be the outcome of planting Scotch pine in any instance un- 
less extreme care is used in obtaining seed of northern origin. Fur- 
thermore, this species has no advantage over the native jack pine on 
extremely poor sands, and should be used only on reasonably good 
sites. 

_ The averages for the spruces and larch are based on so few planta- 
tions that they only serve to indicate comparatively slow height 
growth during early life. 
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PRODUCT OF FOREST PLANTING 


A northern white pine plantation 22 years old, thinned when it was 15 years old. 


also been pruned. 


The trees have 
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COMPARISON OF GROWTH BY SPECIES 


A.—Jack pine 6 feet high and northern white pine 1 foot high planted at the same time in 1918 on 
open sandy site. 


B.—Norway pine 2 feet and jack pine 7 feet under similar conditions. 
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The height growths for the different species and conditions indi- 
cated by the wide bars in Figure 6 are made up from the averages of 


the individual plantations of which those above the general average 
are indicated on the narrow bars. A glance at them shows that there 


plantations of 


ions. The maximum 
for each condition of 
The poorest growth is 


on 


de variation in the height growth of different 
the same species growing under similar condit 
40146°—29——_-4 


height to the nearest foot of any one plantati 
site and competition is shown in Table 6. 
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about 0.1 foot a year for all species and conditions. These rather uni- 
form minima are due usually to some cause other than site or compe- 
tition, such as cutting back by rabbits. The slow growth of several 
of the northern white pine plantations and consequently the low 
average height growth of that species on the better sandy soils under 
40 per cent or more of cover is also the result of damage by rabbits 
or other agencies. 


TABLE 6.—Average and maximum height at 10 years of different kinds of planted 
trees under different soil and cover conditions 


NATURAL TREE GROWTH COVERING LESS THAN 40 PER CENT OF AREA 
[Heights in feet] 


Average height Maximum height 


: _ | Better Better 
SISOS Jack | sands Culti- | J8°K | sands Culti- 
DInes and Heavy vated) oaees and Heavy vated 
oak soils : oak soils : 
anise sandy oils annals sandy soils 
loams loams 
| 
Ta Cepia Owe Nalhe in LUnseM nies ys Abeta abe 5. 6 GaOr RS 8.8 9 INQ )site pale 2 bees 12 
INORWiaiyai Im © Skene hicielees Heine sandal sey 2.6 3.0 12.2 (aS 6 6 12 13 
NOAA AA ATK jorvas oo 2 ee Dee, 3. 2 5.3 7.0 4 6 8 22 
Norway spruce_____-____-__-- ie Ue 2.0 By Uh 15.7 4.3 2 4 16 7 
IDibICO OSA Nera Lk ee 3.0 Sates |e ate ea 122.2 4 eA ei ene 122 
IWWIRNTIE OFS TOT UT CO lee ee ata LM a Pe ea | EN nee tex { 8) Na Asta) poset ae als Pe) Ue 2 


NATURAL TREE GROWTH COVERING 40 PER CENT OF AREA AND MORE 


SPENT OY eh =I pte Ut i coc NT OS ad IN| AA Geechee LI eA TT SSP SDV i LG Po Og 
INL WB IIe tea Sea torah sa byte aisha D2, 

2 

9 


INorthern white pines 2s sales ae ; 
IN| Ohe\reelnig, SLOVO KGCO A LN ee 12. 


1 Only one plantation. 


Occasionally a plantation makes exceptionally rapid height growth. 
The two most striking examples are the plantations of European 
larch and northern white pine which grew at the rate of 2.22 and 2.16 
feet a year, respectively. Both were at Green Lake, Wis. Large 
stock was planted on good soil and cultivated before and after plant- 
ing. The favorable climate at the southern edge of the region prob- 
ably contributed also to the unusual growth. Individual trees in 
certain years grow surprisingly fast, as did the white pine shown in 
Plate 6, A. 

The average heights of jack pine 10 years after planting on the 
different sites, specified in Table 6 and Figure 7, are 9 feet on culti- 
vated soils, 7 feet on the better sandy or sandy-loam soils, and only 
5 to 6 feet on the dry jack pine-oak sands. Norway and Northern 
white pine are closely similar in their early height growth. On 
cultivated sites even when the soil is sandy and dry, they reach 
heights of 7 to 8 feet in 10 years. On the loamy soils where the com- 
peting growth covers not to exceed 40 per cent of the area, the height 
at 10 years is usually between 5 and 6 feet. On the better sandy 
soils or on the heavy soils where there is more than 40 per cent com- 
petition of natural tree growth, they will average between 3 and 4 
feet in height in 10 years. The spruce plantations are few, and most 
of them have been so damaged by rabbits that satisfactory conclu- 
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sions as to the growth on different sites are not possible. However, 
the range is from 2 to 4 feet in 10 years. 

All species for which there are sufficient records grow fastest on 
the cultivated soils and progressively slower on the heavy maple- 
basswood or raspberry- covered soils, the better sands and sandy 
loams, and the jack pine-oak sands. Comparing these four soils 
on the basis of the height growth of northern white pine in the 
open and representing its erowth on the jack pine-oak sands as 1, 
the growth on the better sands will be represented by ts. On the 
heavy soils by 2.4, and on the cultivated soils by 3.2. The relations 
for Norway pine are closely similar. Jack pine shows less relative 
increase as the soil conditions become more favorable. 
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Figure 7.—Height growth of plantations on different sites 


The exceptionally rapid growth of the planted trees on soils which 
were cultivated either at the time of planting or years before, is 
striking. Moreover, this stimulating effect of cultivation outweighs 
the effect of other soil qualities to ‘such a degree that the average 
growth of cultivated plantations on the poorest sands is superior 
to that of uncultivated plantations on the best loamy soils. This 
superiority in growth is maintained for the first 20 years, but it 
may not last in the same degree until the trees are ‘mature. Its 
practical importance is not that it justifies the expense of cultivating, 
but that it proves abandoned fields to be very favorable sites for 
planting. 

All species on all soils, with the exception of } Norway pine on the 
better sands or sandy loams, grow less rapidly on the average when 
planted under a cover of over 40 per cent of natural tree growth 
than they do in the open. If the growth of plantations in the 
open is taken as 1, the growth of underplantings varies from 0.8 to 
0.9. Reed (53) in New England has shown in a Norway pine 
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plantation 10 years from seed that the heights of individual trees 
increased with the amount of sunlight they received, in proportion 
from 114 feet in complete shade to 5 or 6 feet in the open. 


COMPARISON OF GROWTH IN PLANTATIONS AND IN NATURAL FORESTS 
€ 


Height growth in the plantations at 10 years compares not unfa- 
vorably with natural growth of the same species at that age. The 
9 feet for planted jack pine on cultivated soil corresponds to the 
recorded average figure of 9 feet for natural seedlings (63, Tables 
1, 2,and 4). The growth of 7 feet for northern white pine planta- 
tions in the Lake States on the best cultivated sites and 3 feet for 
the better sandy or loamy soils corresponds with the New England 
(24) averages of 6 feet on average sites and 4 feet on poor sites. 
Natural white pine seedlings in northern Wisconsin were found by 
F. G. Wilson of the Wisconsin Department of Conservation to have 
an average height of 214 feet in 10 years, or shehtly more than 
the piantation average for the poorer sandy soils of the Lake States. 
The growth of 5 or 6 feet at 10 years for Norway pine in planta- 
tions, excepting those on the cultivated soils, is less than the 7 feet 
attained by natural saplings in northern Minnesota (77, Table 3), 
but greater than the 3 feet recorded by Sponsler in northern Wis- 
consin. The 3-foot height growth of Norway spruce at 10 years 
compares closely with the average height at that age on medium 
sites in Europe (49). 

The comparison between the growth of plantations in the Lake 
States and natural growth may be extended to the cubic-foot yields 
of the few older plantations. Northern white pine has an average 
volume of 800 cubic feet per acre at 20 years, as compared with a 
volume of 1,350 feet on a poor site, according to the New England 
yield table (24). It may be noted, however, that the New England 
yields were determined by the measurements of stands which had 
come up on abandoned fields or cultivated lands. Height growth 
in cultivated plantations in the Lake States is about twice that on 
the uncultivated sites, and therefore it would be unreasonable to 
expect the plantations on uncultivated sites in the Lake States to 
show as high yields as those given in the New England yield table. 

The Norway pine plantations, one 19 years old and two 21 years 
old, had volumes of 1,580, 1,100, and 2,645 cubic feet per acre, re- 
spectively. These yields are much higher than the 800 to 1,000 
cubic feet per acre for natural stands at corresponding ages in 
Minnesota (77, Table 15). 

Existing plantations of Scotch pine may be taken as indications 
of the productive capacity of the planting sites in the Lake States. 
The Scotch pine plantations up to 20 or 22 years show yields com- 
parable with those at corresponding ages on medium and poor sites 
in Europe (49). Planting of this species is not recommended. 

The conclusion may be drawn, therefore, that the growth and 
yields of jack pine and Norway pine plantations in the Lake States 
will be at least as high as those of natural stands of those species 
on corresponding sites (77). Northern white pine plantations will 
yield somewhat less than the amounts for a poor site in New England 
(24), but certainly more than those given for Minnesota. 


— 


conservative for the region. 
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The plantations of white spruce are not old enough to give infor- 
mation on yield, but Kenety (40), after making a study of the species 
in Minnesota, concluded that in plantations 50 cords per acre is 
a probable yield at the end of 50 years on the proper type of soil.” 
In a commercial planting operation with white spruce in Quebec 
(44) a yield of 88 cords in 50 years was predicted from a study of 
natural stands. 

These figures derived from the growth of natural stands may be 
regarded as conservative, for the regular spacing between the trees 
in “plantations should promote a more rapid and uniform develop- 
ment of a greater number of trees in the stand and hence a higher 
yield than would be possible in the more or less irregular natural 
stands. 

Representative yields at merchantable size and age have been esti- 
mated for plantations on medium sites, and it is believed that they are 
Jack pine should produce on the average 
30 cords of pulpwood to the acre at 40 years when the trees average 
about 5 inches in diameter. Norway and northern white pine will 
probably require 60 years to produce small saw timber. The yield 
at 60 years should be at least 15,000 and often 20,000 board feet to the 
acre. At 60 years the trees would average 9 to 10 inches in diameter 
with a fair proportion of larger trees up to 18 inches. Indications 
of the yields of the pines at different ages on different sites are given 
in Tables 7, 8, and 9... White spruce may be expected to produce 30 
cords of pulpwood in 60 years. “These e ages are as low as they can be 
placed with any degree of assurance, although under especially favor- 
able conditions it may be possible to grow merchantable crops of 
these species in shorter periods. The yield of any specific plantation 
should be estimated fer the particular conditions of the planting site. 


TABLE 7.—Yields of Norway pine in natural well-stocked stands 


Total | Diameter breast 
height of high on medium | Yield per acre by site quality 
average site 
Age (years) enon 
medium 
site Average | Maximum} Good | Medium Poor 
Feet Inches Inches |Board feet Board feet) Board fect 
Ei Ses eS SS pe ee a a se CN PASI Sent sean peas | gees Dope kos aeateaa Gisele RSet a dye |e a 
ND Par RA lS art a are cee a a a 1 DE es We See Se a Ea |e rege 
Pl) Seen See Pete es eae an ae he A 2 3 (On fem Hel Pn ee re he eee 
ND Pa Ne Le a Re RR NAT a gO ce ec 30 5 Be bates pce Pear SAI te 
ADS TE en GAS Cee Nice 5 an iene a 40 7 13 4, 100 Ze C008 eater aa 
(ieee ees Keone Pama hoe LTR RE 50 9 16 9, 400 6, 100 2, 800 
QUiz ae Ee a ees ee Ae Tee eer ee 58 10 18 15, 100 10, 200 5, 300 
TALIS aU SS aR Ais SOc ok TS oe ee ee 65 12 19 20, 900 14, 300 7, 900 
(Recast Seite see RoR OL ORB Os 72 13 21 26, 500 18, 600 10, 700 
G() es errs marr eae ee TN le ee 78 14 22 32, 300 22, 900 13, 700 
LO) epee ea a tae en Bini Rt 83 15 23 38, 500 27, 400 16, 900 
TEND SS sorte. es Sth eA age ee err ee 92 17 25 50, 800 36, 700 23, 100 


Figures in this table are taken or adapted from the publication by Woolsey and Chapman (77) cn Norway 


pine in this region. 


Board foot yields by Scribner rule. 


® These tables, based on data from natural stands for different sites, soils, localities, 
and degrees of utilization, are not comparable one with another and are only suggestive 


of the ‘yields of plantations. 
yields are to be estimated. 


Their use should be checked on any specific area on which 
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TaBLe 8.—Yields of northern white pine in natural well-stocked stands 


Age 
(years) 


Aver- | 


age 
height 


Yield per acre 


Diam- 
ae 
reast : 
: Mill 
high | tally 
Inches | Board feet 
tae rile cae | a 
Op seats ent e 
4 5, 300 
6 14, 200 
U 24, 100 


Seribner 
rule 


Age 
(years) 


Board feet 


Aver- 
age ; 
height | Diam- 
of eet 
domi- : 
nant high 
trees 
Feet | Inches 
64 g 
71 10 
78 194 
83 13 
87 15 


Yield per acre 


Mill 
tally 


Scribner 
rule 


Board feet | Board feet 
3 (0 


, 60 12, 500 
42, 300 16, 700 
50, 100 20, 000 
57, 000 23, 500 
62, 800 28, 000 

39, 700 


Figures in this table with the exception of those for yields by Scribner decimal C rule are from Tables 
5 and 6 in the bulletin by Frothingham (24) already cited. Based on poor site quality New Hampshire 


white pine, they apparently correspond to good site in the Lake States. 


actual saw cut. Figures in the last column are from Table 31 in the same bulletin for virgin forest in 


northern Minnesota. 


TABLE 9.—Yields of jack pine 


Mill-tally yields are based on 


Total Diameter breast 
height | height on me- Yield per acre by site quality 
of dium site 
Ago (years) | a7eTaee 
diate Aver- | Maxi- Good Medium Poor 
site age mum | 
Feet | Inches | Inches | Board feet| Cords | Board feet| Cords |Board feet| Cords - 
Pees rel LE REN ES Ae ee Ao ey kaha ye| (ak Miner Bases| [ea AMOR gb) Meme eer aia | Nay gue eel Nee amare: deel etre OL eh eet oo 
TON See ae eee Le Sie (0) ese eee 2 ase sh See RIE AD Ae A ged] | a 
DIVE RAC AED Ee EE Wee Bs ib i 23 3 5 500 LON Ree D)l| Ee ees te | eee 
BOS Ses ee ee Sea 34 4 8 3, 000 26 1, 000 17 500 8 
ZA) frien ies aegen Teg nee 44 5 9 9, 500 37 3, 500 27 1, 000 16 
Qe Ser erie Ae ae ee re 52 6 ii 16, 000 43 7, 500 33 2, 500 22 
GOS ARS | eC eet res 58 7H 12 20, 500 46 11, 500 36 4, 500 25 
OSA RELL. ee AI 63 8 12 24, 000 48 15, 000 38 6, 500 27 
SORA ea WER ee elas 67 | 9 13 26, 000 50 16, 500 40 8, 000 28 


The yields in this table are taken from an unpublished study of Jack Pine Yields by A. E. Wack- 


erman. 


Maximum diameters are from a publication by Sterrett (63). 


on the international log rule, allowing one-eighth inch for saw kerf. 


Board-foot yields are based 


Under certain conditions, which are discussed later, the yields of 
timber crops grown to 80, 100, and 120 years are also of interest. 
Saw timber of PN orway and northern white pine is the most promis- 


ing form of forest crop for these longer periods. 


Yields of 30,000 


board feet to the acre at 80 years, 40,000 board feet at 100 years, and 
50,000 board feet at 120 years may be expected. 


TABULAR SUMMARY 


Most of the details of importance to an individual or company con- 
sidering forest planting have now been discussed. They are sum- 
marized and emphasized in Table 10. 


. Cee) See etal Sees 


Oe Ee i ie 


a 
os 
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TABLE 10.—Summary of essential considerations in forest planting 


| 
What to plant 1 Planting 1 acre, 6 by 6 


actor feet spacing, 1,210 trees | ASC Of} Average 
Where to plant SEC DOr 9| 00 eh. scetes swam umes Bak: yields 
: ; Age of 1,000 trees =y:4..| per acre 
Kind of tree stock Method Cost ability 
ee : Years | Board fect 
ack pine-oa Slit furrow __| $6. 00-$9. 00 
: 2-0 or sands or better win | eins ‘ 10, 000— 
Norway pine_-..|{ se $1. 50-$4. 00 {si a Ee Seas 7. 00-10. 00 ooo { ; 
caida Prva ee cat aed Holemea tel 12, 00-15. 00 25,000 
r ; . As b Slit furrow--| 9. 00-15. 00 | 
Northern mitts io aoe e andy ean ee Ne 50-10. 00 fait ya et 10. 00-16. 00 foo-so { Peng 
aes ; Holes: te 17. 00-25. 00 , 
Bae Cords 
z it furrow-__| 9. 00-15. 00 
White spruce. __- eben (eee \ 3, 50-10. 00 | Sens es 10. 00-16. 00 |so-r 20-40 
BIDE oy ONE aaa 17. 00-25. 00 
Slit furrow__| 4. 00- 7. 00 
Jackgninel. 6: 1-9... {Jack pine-oak)\ 9 75_ 9 09 Wslit_________ 5. 00- 8. 00 |$35-50 20-35 
sands. ; 
(ETOLG mea eee 10. 00-13. 00 ° 


1 For stock or specific advice apply to Wisconsin Conservation Commission, Madison, Wis., Michigan 
Department of Conservation, Lansing, Mich., or Department of Forestry, Michigan State College, East 
Lansing, Mich. 


PROFITABLENESS OF PLANTING 


RETURNS FROM PLANTED TREES 


One of the most important considerations in planning a program 
of forest planting is the future money value per unit of wood prod- 
uct. There is, however, no way of predicting accurately for 40 to 
60 years or more in the future the value of timber or of any other 
commodity. Something is known of present stumpage prices in the 
region and of their trends in the past, which have always been up- 
ward. From this knowledge it may be predicted with some assur- 
ance that the future prices of standing timber will not be less than 
the present ones. 

Present prices for jack pine range from 50 cents to $2.50 a cord, 
for white spruce from $1.50 to $6 a cord, and for northern and Nor- 
way pine from $8 to $12 a thousand board feet. If only a small in- 
crease over the present average prices be assumed, it is certainly con- 

servative to estimate that jack pine will be worth $3 a cord, spruce 

$5 a cord, and Norway and northern white pine $15 a thousand board 
feet 40 to 60 years from now. For the Norway and northern white 
pine plantations grown for 80 to 120 years it has been further as- 
sumed that improvement in quality will cause the value of the timber 
to increase with age. A stumpage value of $20 a thousand board feet 
has therefore been taken for Norway and northern white pine 80 
to 100 years old. Since high-quality white pine has special uses 
and is in special demand, the future stumpage value (of white pine) 
at 120 years has been placed at $25 a thousand board feet. Much 
more optimistic predictions of future values could be made and still 
be within the limits of probability. 

The profitableness of planting, as of any business transaction, lies 
in the difference between costs and returns. In the growing of a 
timber crop there is one distinctive feature, however, and that is the 
long period over which the costs or investment must be carried be- 
fore returns are realized. The elements which must be considered 
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in the calculation of profitableness are land value, cost of planting, 
annual expense of fire protection and taxes, number of years to grow 
the crop, timber yield, and stumpage value. Most of these factors 
vary with the conditions under which planting is done. It has 
already been shown how the cost of planting varies with the species, 
size, and age of the trees planted, soil, and cover conditions, and 
number of trees planted to the acre. Similarly, the variations in 
taxes, yields, period of growth, and stumpage values have been 
discussed. 

The different values placed on cut-over land, depending not only 
on its intrinsic quality but on its location and the opinions of the 
owner and the local tax assessor, are weli known. Some of the good 
agricultural land and some that is not so good in the northern Lake 
States is sold for more than $20 an acre. Many owners now would be 
glad to dispose of large areas for $5 to $10 an acre if they could find 
purchasers. Others are equally unable to dispose of their land, even 
at $2 an acre or less. In fact, it may be contended that much of the 
cut-over bare land has no value at the present time; because (1) the 
removal of the timber has also removed all sale value, and (2) the 
land, being nonproductive, has no rental value. Many owners are 
letting their cut-over lands revert to the State or county for taxes. 
However, owners prefer to place at least a nominal value on their 
land, and while it is not believed that cut-over lands in need of plant- 
ing are worth $2 an acre, that figure has been used as the investment 
in land on which interest is computed in the calculations of profit. 
Valuations as high as $5 or even $10, however, are not necessarily pro- 
hibitive for forest planting where other conditions are favorable. 


PRIVATE PLANTING ON BARE LAND 


The ownership of the land, whether public or private, and also the 
degree to which the timber has been cut, affect several of the elements 
of profitableness in planting. 

To determine how much future stumpage value a timber crop will 
have to bring in order to earn certain rates of interest on the invest- 
ment and cost of private planting on bare land, different combina- 
tions of costs, taxes,” years to grow the crop, interest, return, and 
yield per acre have been worked out. The detailed figures and an 
example of the method of calculation will be found in the Appendix, 
Tables 11 to 18. 

It appears from the figures that a paper company could plant 
sandy lands with 1210 jack pine seedlings to the acre at a cost of 
about $5.50, could pay an annual tax of 10 cents an acre plus 5 cents 
an acre for fire protection, and at the end of 40 years the yield of 30 
cords to the acre would have to have a value of only $3.28 a cord to 
earn 6 per cent compound interest on the investment. This is not 
much more than jack pine stumpage commands at the present time, 
and is certainly within reason as an estimate of future price. 

If the same company planted white spruce on loamy soils at a 
cost of $10 an acre and the spruce yielded 30 cords per acre in 60 


70 The taxes have been calculated as an annual expense, although modified taxation, such 
as the yield tax recently included in legislation in Michigan, would necessitate a different 
method of calculation. 
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years, it would have to have a value of $15.79 a cord to earn 6 per 
cent on the investment. If the company were satisfied with 5 per 
cent, the stumpage value could be $9.17. At $5.33 a cord, only a 
little more than the present price, the crop would produce 4 per 
cent. The higher cost of planting and the longer period needed to 
grow spruce require a decidedly higher future value than that of 
jack pine to make it an attractive investment. On the other hand, 
the special value of spruce for the manufacture of certain orades 
of paper might easilf within 60 years create stumpage values as 
high as those mentioned. If this white spruce planting was made 
on land where the taxes were 40 cents instead of 10 cents an acre 
annually, the future stumpage value to earn 4 per cent would have 
to be $7.71 instead of $5.33. 

Similar calculations have been worked out for the planting of 
Norway and northern white pines on different soils at different 
costs of planting and rates of taxation, to show the future price 
per thousand which the timber would have to have to earn different 
rates of interest. Prices vary from the $10.49 necessary to earn 5 
per cent on Norway pine planted at a cost of $6.50 an acre and 
yielding 20,000 board feet to the acre, to the $31.59 a thousand 
necessary to earn 6 per cent on a $10 ‘planting cost and a 15,000 
board feet yield. Although it has been suggested that conservative 
future values of northern’ white and Norway pine might be placed 
at $15 a thousand, $30 or more is well within the limits “of possibility 
for timber of exceptional quality and availability. 

Two factors which might modify the calculations have not been 
included. They are the returns from thinnings made before the 
final crop is mature and the cost of cleanings or early cuttings to 
benefit the planted trees. These two operations will be carried out 
only in certain plantations, and often they woud tend to counter- 
balance one another. Moreover, little is known about the variable 
returns and costs which might be involved. Therefore, it has 
seemed best not to attempt to include them in these general figures, 
although they should be considered in any specific planting 
operation. 

The accelerating accumulation of compound interest over the long 
periods of years which are involved in timber growing is primarily 
responsible for the comparatively poor economic showing for the 
private owner who starts with bare land. To some classes of owners 
this will, however, be a matter of little importance. Small property 
owners, for instance, are setting out many small plantations every 
year, although they do not expect to harvest the crop themselves. 
The planting may be a matter of personal interest or an investment 
for the children or an improvement of the property and its value. 
The last two are sound economic motives, for there is no question 
but that a piece of property with a nice grove of young pine timber 
has a higher sale value than the same piece without the trees. On 
the other hand, the company that is using timber as a raw product 
for a manufacturing enterprise and has a supply for only a few 
years ahead can not ‘be expected to invest heavily in planting a crop 
which can make satisfactory returns only when it is too late to 
prolong the life of the enterprise. 
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The large company with a long life is in a more favorable position. 
Water companies, for example, necessarily own considerable areas 
of land around their reservoirs or watersheds to insure the purity of 
the water supply. These lands, to afford the greatest protection, 
should be forested. Planting of open areas is desirable both for 
water protection and for the future } profit from the timber crop; and 
the long-term investment is not a deterrent. (Pl. 6, B.) Pulp and 
paper, mining and railroad companies use timber products in large 
quantities and many of them own large areas of land. They require 
a supply of timber as raw material as long as the industry lasts. For 
their own interests they are or should “be in the forest- preducing 
business on a sustained-yield basis. 

It is questionable whether the costs of planting by companies of 
this character should be carried forward at compound interest until 
the planted timber matures. They are cutting timber each year from 
their own lands, and there 1s no reason why a part. of the value of 
the timber that is cut should not be put back into the forest-producing 
part of the business, to cover the costs of planting an area, which in 
time will provide a substantial return. In this way the timber that 
is cut from one-sixtieth of the timber-producing area is replaced 
each year by the annual growth which has occurred on the whole 
sixty-sixtieths of the area, and any costs, such as planting, taxes, 
and protection should logically be paid out of the returns from the 
cutting. 

Once this stage in forest production is reached, and the business 
organized accordingly, compound interest is done away with, and the 
profit from growing the timber crop is iarge and attractive. The 
company that plants trees on a large scale for timber production 
and thus places its business on a permanent or sustained-yield basis 
is not going to stop growing timber after the 40 or 60 years necessary 
to mature the first crop from bare land. With the matured planta- 
tions yielding gross returns (at present values) of $100 to $250 an 
acre, timber growing becomes a highly profitable part of the business. 
Since this is so, no good reason remains why this permanently 
operating company should charge all the costs of preliminary estab- 
lishment at compound interest ‘to the period of the first crop, for 
a part can and should be charged to subsequent periods. It requires 
only a few years after the timber crops begin to be marketed for 
the excess of net income over current expenses to wipe out the apnar- 
ent losses involved in the considerable outlay necessary to build up 
the productive forest capital. The cost of planting on any specific 
area need be incurred only once; when the plantation matures, refor- 
esting the area can be effected more economically by proper methods 
of cutting and natural seeding than by planting. Reduction or com- 
pensation of the compound interest charges in this way permits a 
much more favorable showing of the profitableness of planting and 
growing timber. 

If the costs and current expenses of planting and growing a timber 
crop are not charged at compound interest, the money returns are 
high. Under the ‘conditions previously outlined, they will be from 
$72 to $78 an acre for jack pine, from $105 to $131 an acre for white 
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spruce; and from $197 to $300 an acre for Norway and northern 
white pine. Under still longer rotations for higher yields and values 
the profits are even more remunerative. 


PUBLIC PLANTING 


Whereas the private owner can most profitably grow timber in 
the shortest period necessary to produce a merchantable crop, the 
public owner derives greater profit from growing the timber over 
a longer period of years for the pr oduction of higher yields, higher 
quality, and higher values. Planting by the Federal Government, 
State, county, or town on publicly-owned lands has thus certain 
distinctive features. In the first piace, the cost of fire protection is 
higher for the State or Federal Government, which must maintain 
a complete protection organization, than for the private owner who 
receives the benefit of State-wide protection and adds to it only 
what is needed to make it thoroughly effective on his lands. There- 
fore, in determining the pr ofitability of planting on public lands the 
item of fire protection has been placed at a maximum figure of 15 
cents an acre a year. Secondly, “public owners pay no taxes, 7 ave 
accordingly that item of annual expense is eliminated. Finally, 
public investments are made over long periods at low rates of 
interest. The profit from planting on public lands has, therefore, 
been computed as the net return per acre, over and above 3 per cent 
compound interest on the investment, from certain assumed future 
stumpage values for the timber crop. 

Jack pine or spruce crops for pulpwood produce on this basis 
considerably less than $100 an acre profit, but Norway and northern 
white pine saw timber show net profits up to $667 an acre. The 
latter figure is for northern white pine plantings on good soil at a 
cost of $10 an acre, grown for 120 years to yield 50,000 board feet 
to the acre with an estimated value of $295 a thousand: This figure 
may be compared with $181.85 an acre profit for the same timber 
at 60 years and yielding only 15,000 board feet with a value of $15 
a thousand. At 100 years the profit is $547.60 an acre for Norwa 
pine planted on sandy lands at a cost of $6.50 an acre to produce 
40,000 board feet valued at $20 a thousand. This is about $9 higher 
than the profit at 120 years, when it should produce 50,000 board 
feet to the acre. These examples show clearly that the public owner 
derives the greatest profit from producing timber of high quality 
over periods of 100 to 120 years. ‘The publi ce forests are thus in a 
position to perform a much needed function in supplying the demand 
for large-dimension and high-quality timber products. 

The whole planting question may be summed up for the northern 
Lake States in the statement that the planting of bare land offers to 
the private owner an opportunity to realize a reasonable rate of 
interest on his own investment, and to the public landowner or to the 
large company in the timber growing business over long periods it 
promises to be not only an essential source of raw material but also 
a thoroughly profitable form of investment. 


11The payments which Michigan and the Federal Government make to the counties in 
whieh State or national forests are situated, in lieu of taxes, come from appropriations 
for the purpose. Direct reimbursement for these expenses is not anticipated in the returns 
from the matute crop. ‘Therefore they are not considered as items of expense in the 
public-planting operations. 
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Every year that the 20,000,000 acres of unproductive forest land 
in the Lake States remains idle means a loss to the region which may 
be placed conservatively at $20,000,000 a year. The present rate of 
planting these lands to trees will not reforest them within any 
reasonable period. Neither the region as a whole nor the States nor 
the individuals directly concerned can afford to continue to accept 
this enormous annual loss merely for the lack of an adequate policy 
to prevent it. What are the essentials of such a policy? 


A TIMBER SURVEY 


First, as a basis for a policy, a survey should be made of the idle 
lands in each State to determine their extent, location, present con- 
dition, and potential value. The formulation of a reforestation 
policy is logically a State function, and, therefore, the surveys should 
be made by the States. The cost of a survey as a preliminary to the 
formulation of a reforestation policy could be kept very low, prob- 
ably to not over 1 cent an acre. 

A survey would confirm or modify the estimate of 20,000,000 acres 
in need of planting in the region and determine the correct apportion- 
ment of the area between the three States. A survey would settle 
also the contention sometimes raised that planting is unnecessary be- 
cause with protection from fire the idle lands are reforesting natu- 
rally. Such detailed and accurate information is essential in defining 
the problem in each State and in determining a planting policy. 

The distinction between areas in need of planting and those with 
sufficient natural tree growth depends on the number of established 
trees of valuable kinds per acre. Areas with more than 300 trees to 
the acre would not need to be planted. The planting of areas with 
50 to 300 trees per acre could be postponed until areas with less than 
50 trees per acre had been planted. 

The locations of areas thus classified according to need of planting 
should be shown on maps in relation to wood-using industries, cities 
dnd towns, transportation facilities, and other economic factors. 

A survey of the present condition and potential value of the lands 
should include at least a rough classification of soils and topography 
to indicate whether the lands are of sufficient fertility and accessi- 
bility to justify their early development for agriculture. Large areas 
may undoubtedly be needed for the production of agricultural crops 
100 years from now which until then can be made highly productive 
through forest planting. The quantity and character of the present 
forest growth should be noted, together with the soil conditions, since 
these should indicate the kinds of trees to be planted, enable an esti- 
mate of the cost of the planting, permit a rough prediction of the 
returns from planting trees, and give an index of the fire risk. Notes 
should also be taken on the taxation of the land, as a basis for evalu- 
ating this factor in the cost of planting. Finally, the survey should 
enable the classification of the idle land on the basis of its value for 
timber growing. 

It has been suggested that there may be parts of the cut-over area 
in the Lake States which have been burned repeatedly until the natu- 
rally poor soils have become so sterile that they will not produce 
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timber. The evidence obtained in this study from existing planta- 
tions was that Norway and jack pine will grow good timber crops on 
the poorest sandy lands. It is probable, however, that some of the 
swamps and peat soils may be unsuitable for growing timber until 
the water level is regulated or conditions are otherwise modified to 
make them more favorable for forest growth. This is a subject 
which requires and will receive further study. 


SELECTION OF AREAS FOR PLANTING 


Many factors must be considered in the selection of planting areas, 
whether they are to be planted by private or public agencies. Highly 
desirable areas presenting many advantages are unusual and an 
ordinary selection can not be expected to include more than a part 
of the desirable qualities. One of the most important considerations 
which influences location is accessibility to a good market or to the 
industry which must be supplied with raw material. This is equally 
important whether the markets are already in existence or are only 
predicted on the basis of prospective development. The planting 
area should be located where the fire hazard is naturally low, where 
good fire protection can be provided, and where sufficient local labor 
is available both for protection and for planting. The lands should 
be suitable for the establishment and rapid growth of the species 
which are to be planted. They should be located where low valu- 
ations and low tax rates prevail. They should provide the best 
combinations of low planting cost with high soil productivity for 
timber growing. The location and selection of an area with the 
most favorable combination of all these elements will usually depend 
on local conditions; but if any one class of land may be said gener- 
aly to rank high as a prospective planting site 1t is abandoned 

elds. 

Another important consideration in the selection of areas for 
planting is their size. A small detached plantation may under favor- 
able conditions be a profitable enterprise simply on the basis of the 
return from the single timber crop. Much more profitable, how- 
ever, is the large area with a series of plantations set out over a 
period of years, which will contribute to a timber-growing operation 
with a sustained annual yield of wood products. This is the objec- 
tive in forest planting toward which the wood-using industries, 
large owners, and public agencies should aim. A large enough area 
should be obtained for planting to provide for replacing annual 
yields of timber by natural or artificial reforestation. On this basis 
the minimum size of planting area will usually be determined by 
the minimum economic industrial unit which will be supplied from 
the planted timber. 

Two examples may be suggested. A small paper plant consumes 
from 50 to 100 tons of wood pulp each day, which at the rate of 114 
cords of pulp wood to the ton is the equivalent of 62 to 125 cords 
of wood per day. If such a plant is in operation 200 days a year, 
it will require from 12,500 to 25,000 cords of wood a year. Assum- 
ing a yield of 30 cords to the acre, between 400 and 850 acres of 
land would be cut over each year to supply the plant. If the enter- 
_ prise is started on bare land a corresponding area should be planted 
each year. If the wood is jack pine, which can be grown in 40 
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years, a total of 16,000 to 34,000 acres of land would be needed within 
a reasonable radius of the paper plant. 

Similarly, a small sawmill with a circular saw will consume about 
2,000,000 board feet in a year; and a mill with a single band saw will 
consume 25,000,000 board feet. If the planted timber yields at the 
rate of 20,000 board feet to the acre, the cut from 100 and 1,250 
acres of plantation a year, respectively, will be required to keep these 

mills running. If it takes 60 years to grow the saw timber, there 
oe be 60,000 and 75.000 acres of land respectively for the two sizes 
of mill. The areas when worked out in this way are lar ge, but they 
are the areas that must be available to any wood-using industry 
which is to be operated on a sustained yield of forest produets. 

The private owner, for whom it is more profitable to grow timber 
on a short rotation, may not exceed the areas given for his enter- 
prise, but the public owner can most profitably grow large timber 
over longer periods and should have forest units considerably larger 
than those mentioned. If forest areas as large as these are not 
feasible for individual owners, they are distinctly so for groups of 
owners in the same locality who combine to plant and grow timber, 
each on his own land, with the idea of selling a part or all of his 
product, and thus maintaining permanently the local wood-using 
industries. 

PROTECTION FROM FIRE 


The third point in a reforestation policy, and it is perhaps import- 
ant enough to be placed first, is the provision for effective protection 
from fire. One of the essentials for a any investment is that it be 
reasonably safe. Unless a fire-protection organization is maintained, 
no investment in the idle lands of the northern Lake States is safe. 
Protection is being provided in a measure, and is being improved 

each year, by the State organizations. It should continue to be 
arensiened: until the area burned over annually is reduced to a 
fraction of 1 per cent or until the growing timber on the land, 
whether planted or otherwise, is safe enough to be insurable at reason- 
able rates. 

Actually, the protection of plantations from fire is likely to be 
much more thorough and effective than it would be on equally 
valuable areas of natural second growth, because the expenditure of 
money in planting acts as a strong stimulus to the owner to protect 
his investment. Therefore, as the number and area of plantations 
increase, the protection of the plantations, as well as of areas sur- 
rounding them, and of the forest lands of the region as a whole, will 
become more effective. 


POLICY FOR STATE-OWNED LANDS 


The States should take the lead in the development of a general 
reforestation policy by working out a policy for the reforestation 
of State-owned denuded lands. Such a policy was prepared for 
the State of Michigan in 1915 (57) to provide for the reforestation 
of the State forest land—a comparatively small area at that time. 

The total area of idle land in each of the three States is so large 
that the State governments can not be expected by themselves to 
reforest more than a part of them. They should, however, by tax 
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title, purchase, or exchange, Increase the areas that are now State 
owned. In advance of acquisition, it should be determined how large 
an area the State can undertake to plant in a reasonable time; and 
the acquisition can then proceed until this amount is acquired in 
blocks suitable for convenient administration. It may be that the 
States should provide, in connection with the withdrawal of large 
areas of land from taxation in the poorer northern counties, for 
the payment of a certain amount to the local communities in which 
the areas are located, in lieu of taxes. This is being done in Michi- 
gan, where the counties receive from the State 5 cents an acre for 
State forest and other State-owned lands. 

The State or any public agency has a particularly favorable op- 
portunity to produce large saw-log timber of high grade and value 
over long periods of years. In general, private landowners are not 
likely to undertake the production of high-grade timber, and it is 
therefore desirable that public agencies plant for that purpose even 
if somewhat smaller areas must thereby be planted annually or 
periodically. . At the present time, Norway and northern white pine 
are the species best suited for this purpose, and they should be 
grown by public agencies to ages of at least 100 and 120 years. The 
production of high-quality timber at high costs per acre by public 
agencies must be reconciled, however, with the conflicting desider- 
atum that a maximum area of idle land be planted and made pro- 
ductive as soon as possible. The latter factor has governed in the 
policy which is being followed on the national forests, where small 
seedling stock is being planted by the least expensive method, and 
where only (00 to 900 trees are being planted to the acre, so that 
a maximum area may be stocked with the limited appropriations 
available. Under this policy, $9,000 will provide for the planting 
of 2,000,000 trees on 2,000 to 8,000 acres of land, whereas $9,000 
would cover only a little over 600 acres if transplant stock were 
planted by a more expensive method at the rate of 1,740 trees to 
the acre. 

The Michigan Department of Conservation in planting on the 
State forests has adhered to the other principle and is planting 1,500 
or more trees to the acre, with correspondingly higher costs and less 
acreage planted with the available funds, in order to produce high- 
quality timber. 

When the area to be acquired and planted by the State has been 
determined, an annual planting program should be decided upon. 
Planting should usually be planned to progress from the more to the 
less accessible parts of the area, since fire protection is usually more 
effective on accessible areas and the less accessible will receive 
better protection in subsequent years when the fire protection is 
improved. ‘The program should provide for planting each year that 
fraction of the total area that will bring about the planting of the 
whole area before the year in which the earliest plantation becomes 
merchantable. For example, supposing one State has 5,000,000 acres 
of denuded lands of which the State will acquire and reforest one- 
quarter or 1,250,000 acres. If the policy provides for growing Nor- 
way and northern white pine timber on a 100-year rotation, the State 
should plan to plant each year at least one one-hundredth of the 
— 1,250,000 acres, or 12,500 acres, Presumably the 12,500-acre annual 
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planting would be distributed over 5 or 10 State forests so that there 
would be not more than 1,200 to 2,500 acres a year to be planted 
on each forest, an area that can be handled with local labor in any 
part of the State. 

One of the chief obstacles to the expansion of planting programs 
by State or other public agencies is the difficulty in obtaining appro- 
priations sufficiently large to finance the work. The annual planting 
of only 12,500 acres of State land in one State as just suggested would 
cost about $100,000 a year. If the State undertakes to assist counties, 
local communities, and private owners in reforestation, two or three 
times that amount would be needed. 

The possibility of reduction or discontinuance of annual or bien- 
nial appropriations by legislatures becomes a serious matter in plan- 
ning and carrying out reforestation policies over long periods of 
years. Other methods of financing reforestation are, therefore, 
highly desirable. Some of the Eastern States have issued long-term 
bonds for forest acquisition and development. ‘This method provides 
funds to initiate the work on a large scale, the revenue from the 
forest crops being expected to go far toward paying off the bonds 
when they mature. 

Another plan to finance a State reforestation policy that has been 
suggested assumes that reforestation is essential for the public wel- 
fare and that, therefore, a tax levy of a fraction of a mill on the 
assessed valuation of the entire State is justified. Wisconsin has 
passed a constitutional amendment authorizing such a tax levy for 
the handling and acquisition of State forest land. While it may 
not be easy to have the necessary constitutional amendment passed, 
this method of financing a reforestation policy assures permanent 
and adequate funds to carry out the policy and, therefore, has much 
to recommend it. 


STATE AID FOR LOCAL COMMUNITIES 


Since the States can not hope to provide for the planting of all 
the idle lands directly, they should adopt measures to encourage 
planting by other agencies. The local communities, counties, cities, 
and towns are in a position to benefit particularly from the growing 
of their own timber crops. ‘They are able to borrow money at low 
rates of interest for long periods of time, and land owned by them 
is not subject to taxation. Community forests not only provide a 
highly profitable investment but may serve several other purposes. 
They protect the watersheds of cities which operate their own water 
systems; they furnish readily accessible timber crops for community 
use or sale; and they have high intangible values as park and rec- 
reation grounds. Therefore, the communities in forest sections 
should be encouraged by State aid and otherwise to undertake the 
planting of idle lands in their localities. In European countries, 
communal forests are among the most valuable assets and profitable 
investments of the local communities. 

Under a plan of this kind, counties and towns would take title 
to the land. It might be necessary to purchase some of it to make 
up suitable blocks. In Wisconsin, tax-title lands revert to the coun- 
ties and would be available for this purpose. The State could take 
action in several ways. If necessary, legal permission should be 
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A.—A northern white pine planted in 1915 at Trout Lake, Wis., which grew 41 inches in height in 
1923. A Norway pine planted at the same time stands at the right 

B.—A 21-year-old private plantation in northern Michigan. The Norway pine is 22 feet high, the 
northern white pine 12 feet, and Norway spruce 9 feet 
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given the local governments to bond themselves or otherwise borrow 
money for the acquisition and planting of the lands. The State 
could furnish planting stock free or at a low cost to communities 
desiring to plant. A plan has been suggested .by which the State 
would lend money to the local communities at a low rate of interest 
for a period of 50 or more years, the loan to be secured by a lien on 
the first returns from the timber crops. The Province of Ontario 
has adopted a plan by which the counties take title to the land and 
the State provides planting stock and bears all the expense of plant- 
ing it. After 30 years during which the State cares for the planted 
trees, the county has the option (1) of taking over the plantation 
by paying the State all costs of establishment and maintenance with- 
out interest, or (2) the State will buy the land from the county at 
the price originally paid for it without interest, or (8) the State 
and county may continue to share jointly in the expense and profits 
of the timber-growing enterprise. Several counties in Ontario have 
taken advantage of this plan. 


ENCOURAGEMENT OF PRIVATE PLANTING BY STATES 


A large increase in private planting is an essential step in solving 
the gigantic problem of reforestation which exists in each of the 
three States. Fire protection alone will not solve it. Forest plant- 
ing and timber growing are clearly to the interest of concerns which 
require timber as a raw product for a long-lived industry (7). It 
is desirable, however, that the States offer encouragement to owners 
of forest lands of all classes to plant their idle lands as a matter of 
State and public interest. 

The production and distribution of the trees for planting is of 
course one means of encouraging forest planting. This is being done 
in Michigan and Wisconsin and has already proved partially effec- 
tive. The demand for trees is increasing each year and tends to 
exceed the supply. For planting within the State the stock is sold 
at the cost of production. The trees are raised in the same State 
nurseries in which planting stock for State-owned lands is grown. 
Large quantities of inexpensive nursery stock are essential if forest 
planting is to be undertaken on a large scale by private owners. 

As a stimulus to forest planting, one State in another part of the 
country produces and distributes nursery stock to residents of the 
State at only a nominal charge for packing and shipping. It is a 
question, however, to what degree planting has been stimulated, and 
there is the objection that trees which are received free or nearly 
free are given less care and are valued less highly than those for 
which a reasonable price has been paid. 

In order to encourage the planting of reasonably large areas, it 
is desirable that the State distribution be restricted to those who are 
prepared to buy and plant 1,000 or more trees at a time or at least 
enough for 1 acre. Only in this way will the planting contribute 
materially to restocking of idle iand or to the future timber supply, 
the two main objects to be accomplished by forest planting. 

A second method by which the States can encourage planting by 
private owners is to provide advice for prospective planters on the 
kinds of trees to plant, methods of planting, spacing, mixtures, 
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probable yields, and returns for their particular lands. This service 
should be so extended that advice could be given not only to those 
who apply for it but also to other owners of denuded forest land, by 
active efforts to reach and interest them in forest planting. The 
advice might take the form of preparation of planting plans for 
individual owners. Assistance and education similar to this is now 
being provided through the extension foresters at the agricultural 
colleges in each of the three States. Demonstrations and meetings 
are planned to reach local groups and thus to interest and stimu- 
late them to undertake planting by their own efforts. 

Different forms of cooperation between landowners and the State 
can be worked out to overcome some of the usual obstacles to private 
planting. A plan was suggested several years ago for the formation 
of reforestation corporations by State law for the purpose of grow- 
ing forests and obtaining a profit from cutting them. ‘The State was 
to have two-fifths representation on the board of directors. The cap- 
ital stock was to be based on the land owned. The growing timber 
would be exempt from taxes during the period of its growth. The 
State was to loan money, if necessary, to start the planting and to 
carry the enterprise through the period before the forest crops ma- 
tured and began to produce income. | 

More recently, a suggestion has been made, to encourage the re- 
forestation of private land by cooperative agreement between the 
owners and State, under which the land is set apart for timber grow- 
ing. The State provides for the planting, protection, and care of the 
trees and the taxes on the land during the growing period and is 
partially reimbursed for its expenditures plus a reasonable rate of 
interest by a 10 per cent yield tax on the sale value of the timber 
products when they are cut. Actually, to provide for reimbursement 
and interest would require a yield tax somewhat higher than 10 per 
Gent yh: 

These last two proposals go to extremes in the degree to which they 
suggest participation by the States in financing and subsidizing 
forest planting. Their justification is the necessity of reforesting 
the idle Jands in the public interest. There are, however, less extreme 
modifications possible by which the States would more evenly share 
the risk and responsibility with the owner and at the same time pro- 
vide cheap credit for long periods with proper safeguards for the 
safety of the State’s investment. 


FOREST TAXATION 


The high tax rates on much of the cut-over and denuded land in 
the Lake States at the present time are considered, and often justly, as 
serious obstacles to forest planting. As the timber grows and in- 
creases in value there is a tendency to increase taxes until they become 
confiscatory. It is generally conceded that some modification of the 
existing annual property tax is desirable to remove this obstacle in 
the way of private owners who wish to plant timber. 

Various plans have been incorporated in laws in different States. 
Michigan and Wisconsin have had for several years forest tax laws 
providing for reduction or exemption of taxation for small areas or 
farm wood lots which are devoted to growing trees. Similarly, 
Minnesota has had a bounty law. These laws have not proved effec- 
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tive in encouraging forest planting. In 1925 Michigan passed a 
more comprehensive law, and Minnesota and Wisconsin similar laws 
in 1927. These laws, in general terms, require the owner to pay the 
equivalent of an annual property tax on his bare land, and defer all 
taxation of the growing timber until it is about to be cut. At that 
time a yield tax is levied, which in Michigan is 25 per cent of the 
total stumpage value of the product to be removed, and in Minnesota 
and Wisconsin is 10 per cent. 

So far no plan of modified forest taxation has proved thoroughly 
effective or satisfactory, and no agreement has been reached as to the 
best plan. The Forest Service is making a study of the taxation 
of forest land at the present time, the results of which will be avail- 
able later in published form. 


NATIONAL AID TO STATES 


As a result of the enactment of the Clarke-McNary law in 1924, 
the National Government through the Forest Service is enabled 
to cooperate with the States in the advancement of several phases 
of forestry which are important in a reforestation policy. (1) 
Cooperation and financial assistance to the States are provided for 
the better protection from fire of all forest lands within their bound- 
aries. (2) The cooperative study of forest taxation just mentioned, 
looking toward better adjustment of tax laws to growing timber, is 
authorized and in progress. (8) Cooperation with States is pro- 
vided for the collection of seed and the production and distribution 
of forest-planting stock to encourage the reforestation of denuded 
lands. All three of the States in the Great Lakes region have made 
arrangements to take advantage of this cooperation. Finally, cooper- 
ation with the States is also provided for advice and assistance to 
farmers and other owners of land in the growing of timber crops, 
windbreaks, and shelter belts. 


OUTLINE OF A PLANTING POLICY 


The reforestation of 20,000,000 acres of land is an enormous prob- 
lem. How this area is divided between the three States is not certain, 
but it may be assumed as an example that at least 5,000,000 acres in 
some one of them will require forest planting to make it productive. 
On this basis an outline of a State reforestation policy may be 
sketched. 

In order that a series of crops may be secured some of which will 
mature each year and thus contribute ,to a sustained annual timber 
supply, it is desirable to take and it will probably require 50 years 
to plant these lands. This period is long enough so that some of 
the earliest plantings will be merchantable for pulpwood before the 
latest are completed. Assuming, therefore, a 50-year planting pro- 
gram in which to plant the 5,000,000 acres of land, the area to be 
planted anually will be 100,000 acres. This is seven times the area 
which was pianted by all agencies in all three States during 1926 
and obviously involves a large increase in present programs. 

Four classes of agencies may logically be expected to do their 
part in such a program; namely, the State, counties and local com- 
munities, the Federal Government, and private owners. If the refor- 
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estation task in each State is divided between these four groups in 
such a way that each of the three public agencies do one-fifth and 
the private owners two-fifths, there will be 1,000,000 acres to be 
reforested by each class of public owners and 2,000,000 acres by the 
private owners over a 50-year period. Evidently, such a program 
requires large acquisitions of land to be set aside for forest purposes 
by the States, by the local communities, and by the National Govern- 
ment. In each State it might mean three national forests of over 
300,000 acres each, 5 to 10 State forests of 100,000 to 200,000 acres 
each, and one or more county or town forests of 10,000 to 50,000 
acres in each of the northern counties of the three States. The 
existing State and national forests would serve as centers around 
which to expand, and other areas would be blocked out by purchase 
and exchange in order that units of suitable size for administration 
might be formed. The Federal Government is proposing to acquire 
2,500,000 acres in the Lake States for national forests, and a part 
of these acquisitions will doubtless be lands in need of planting. 

Such a program would involve not only land acquisition but a 
corresponding expansion in the production of nursery stock and in 
planting. One hundred million trees a year would be required in 
each State, or more than ten times the largest present forest-nursery 
output of any one of the States. Present nurseries would have to 
be enlarged and several additional nurseries established at suitable 
locations in different parts of each State. With an average cost of 
planting of $7 an acre, expenditures of $700,000 a year in each State 
for planting alone would be necessary, of which over $400,000 would 
be public appropriations, if the three public agencies were to under- 
take three-fifths of the work. 

The organization, administration, and protection of the new forest 
properties are the essential accompaniment to the program, and this 


would require a permanent personnel of not less than 100 men in each - 


State. The present State and national forests would become units 
of the much larger organization. The program would include 
expenditures for improvements in the way of roads, buildings, and 
bridges. So large an expansion must be gradual, but it should be 
as rapid as possible. 

This program would have large advantages fully commensurate 
with its expense. Planting alone would provide work for 1,000 
men for 100 days a year—a much-needed opportunity for many of 
the settlers starting farms in the northern counties. 

The presence of the many units of forest property with planta- 
tions and organized protection from fire would greatly strengthen 
the fire-protection work of adjoining areas and of the whole region. 
Finally, the annual product of the 100,000 acres annual planting, 
when it became merchantable, would undoubtedly exceed 1,500,000,000 
board feet, and this, at only $10 a thousand, would have a gross 
stumpage value of $15,000,000 or a value when manufactured of at 
least $50,000,000 each year. Timber production on this scale would 
support 200 small sawmiils or other wood-using industries in each 
State permanently and would support an equal number of prosperous 
communities. 
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APPENDIX 


The stumpage values after representative periods of years in which 
Norway and northern white pine, white spruce and jack pine may 
be expected to grow to merchantable size, with different combinations 
of cost of planting plus land value, yields, compound interest rates, 
and taxes are presented in Tables 11 to 18. 

The following example from Table 18 will illustrate the method 
of calculation of the values in these tables: 


Cost of planting jack pine, $5.50 an acre carried at 6 per cent com- 


POU MEST St sho rey Oy sy Cases tai RC Fe al Ce a $56.57 (C) 
Land value at $2 an acre, carried at 6 per cent compound interest 
HOTA. CAV. C UTES She ONE SEE SLED NENA LE aN oie URE IRS A 20.57 (S) 


Annual expense for taxes and fire protection, 15 cents an acre, capi- 
talized at 6 per cent represents a value of $2.50, and carried at 6 


per cent Compoundeinterest tor 40iyears=ee 2 Se ee es ee Pappy, (al. (5) 
Total investment and expenses at 6 per cent for 40 years__________ 102. 85 
Deduction for land value, $2, and capital value of annual expenses, 

SPAR OL, aEBIE, UOMO Era Eo 2240 ne aps lS a IS AA 4.50 
Costiok.crowins ecropiot jackr pines he is Mean eae A ae ee 98.35 (G) 


Value of the crop if it is assumed that the yield of 30 cords an 
acre in 40 years has a total stumpage value which just pays the 


COStLOL SRO WAM Sw CINS | CMO see Heed PET al as ON eu a0 98. 35 (Y) 
The stumpage value per cord which will pay 6 per cent compound 
interest on investment and expenses ($98.385+30)~._____________ 3.28 (yY) 


The same calculation may be expressed algebraically, representing years by 
n, interest rate by p, yield per acre of wood products by 6, as follows: 


Co Ca Sa Pree) 
but G=Y, and Uae a. - 
(Gos) spi Sie) 
b 


therefore, y= 


Actually in computing the values in the tables, a value of $2 for land was 
used uniformly throughout, although the first columns in each table provide for 
different combinations of land value with planting cost. The use of a figure 
other than $2 for land value, provided land value plus planting cost remain the 
same, will make a difference of only a few cents in the stumpage values as 
compared with those given in the tables. In the example just given, if $1 is 
used as land value instead of $2, and the planting is taken as $6.50 instead of 
$5.50, the sum of the two remaining the same, the stumpage value per cord 
becomes $3.31 instead of $3.28, a difference of only 38 cents. 


TasBLE 11.—Norway and northern white pine stumpage values per M board feet, 
50 years, good sites, 10,000 board feet to the acre 


TO EARN 3 PER CENT 


Cost of | Stumpage values per M, classified according to 
planting | annual taxes in cents per acre, plus 5-cent fire 
plus protection 


per acre | 15 cents | 20 cents | 30 cents | 45 cents | 75 cents 
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TABLE 11—Norway and northern white pine stumpage values per M board feet, 
50 years, good sites, 10,000 board feet to the acre—Continued 


TO EARN 4 PER CENT 


Cost of | Stumpage values per M, classified according to 
planting annual taxes in cents per acre, plus 5-cent fire 


plus protection 
land 
value 
per acre | 15 cents | 20 cents | 30 cents | 45 cents | 75 cents 
$5. 50 $6. 00 $6. 76 $8. 29 $10. 58 $15. 16 
6. 50 6. 71 7.47 9. 00 11. 29 15. 87 
7. 50 7.42 8.18 9. 71 12. 00 16. 58 
8. 50 8.13 8. 89 10. 42 17 17. 29 
10. 00 9. 20 9. 96 11. 49 13. 78 18. 36 
12. 00 10. 62 11. 38 LIEGE ge Pas) 19. 78 


15. 00 12. 75 13. 51 i 15. 04 17. 33 21. 91 


20. 00 16. 30 17. 07 18. 59 20. 88 25. 46 
25. 00 19. 86 20. 62 22.15 24. 44 29. 02 


| 
TO EARN 5 PER CENT 


i ‘7 
$5. 50 | $9.25 | $10.29 | $12.39 } $15.53 
6. 50 10. 39 11. 44 13. 53 16. 67 22. 95 
7.50 11. 54 12. 59 17. 82 24. 10 
8. 50 12. 69 13. 73 18. 97 25. 25 ti 
10. 00 14.41 J 15.45 | 20. 69 26. 97 i 
12.00 [- 16.70 | 17.75 19. 84 22. 98 29. 26 | 
15. 00 20. 14 21.19 23. 28 26. 42 32. 70 : 
20. 00 25. 88 26. G2 29. 02 32. 16 38. 44 
25. 00 31.61 32. 66 34. 75 | 37. 89 44.17 


TO EARN 6 PER CENT 


$0. 50 | $14. 29 : $15. 74 $18. 64 $23. 00 $31. 71 
17. 58 20. 48 24. 84 33. 55 
19. 42 22. 33 26. 68 35. 39 
21. 26 24.17 28. 52 37. 23 
24. 03 26. 93 31. 29 40. 00 
27. 71 30. 61 34. 97 43. 68 
| 33.24 36. 14 40. 50 49. 21 
42. 45 45, 35 49. 71 58. 42 
51. 66 54. 56 58. 92 67. 63 


If $15 is conservatively estimated as the probable stumpage value cf Norway and northern white pine 
saw timber in 50 years, the figures below $15 (those above the heavy line) indicate that on good sites 
where they witl produce 10,000 board feet per acre in 50 years, they will earn 3 per cent compound interest, 
where taxes do not exceed 70 cents an acre and where the combined cost of planting and land value is not 
over $25; 4 per cent in general where taxes are not over 40 cents and the combined cost of planting and land 
value is not over $15; 5 per cent in general where taxes are less than 25 cents an acre and where the com- 
bined cost of planting and land value is not over $10; and 6 per cent where taxes do not exceed 10 cents and 
where the cost of planting and land value is not over $5.50. 
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TABLE 12.—Norway and northern white pine stumpage values per M board feet, 
60 years 


TO EARN 3 PER CENT 


Stumpage values per M, classified according 


Cost of to annual taxes in cents per acre plus 5 cents 
planting : , fire protection 
plusland Site quality ! 

value 

per acre 15 cents | 20 cents | 30 cents | 45 cents | 75 cents 


CMs a0). tl <C GH OLOY ye aes a ee tO oad ae a Denne, Trane renin $2. 74 $3.15 $3. 97 $5. 19 $7. 63 
TAI bU ba cy 2 eeaniaesoy eeae ae atin Tres elena We: roccgrete lee aes 3. 66 4. 20 5. 29 6. 92 10. 18 

5 EXG(O)e tat be pS ie pane Petre et ovsieeey 21/2 UPL mage 5. 49 6. 30 7.93 10.38 ¥ EY 

G5 OM GOOG ee sees Bo Wee Be A ae Oe eae eee el 3. 04 38. 45 4. 26 5. 48 7.93 
VT Carita an atat eee ON wi Ress oO Aiea rch ei 4.05 4. 59 5. 68 Goal 10. 57 

2 OTH Mlk ae Aer apaiiere Lea Ly uaa Bete 6. 08 6. 89 8. 52 10. 97 § 15. 86 

TA EX OVEA TAG OX OG Ueseaeere ik deep ara eee ane = CU es 2 De 3. 33 3. 74 4. 56 5. 78 | 8. 22 
AVRO CUT TIT et te i ee 4.44 4.99 6. 07 7. 70 | 10. 97 

TOO Leh 2 ee ee ee ae gat fe Sa ee 6. 66 7.48 9.11 11. 56 § 16. 45 

SRM RG OMG eae! Breit weakens ah Cine RT a Se PR ee 3. 63 4, 04 4, 85 6. 07 8. 52 
VIG GUNUTTAN Seem eines lame We Ae eae SS Oe | 4, 84 5. 38 6. 47 8. 10 11. 36 

1 OCT stacey gt oats als NESS ee es | 7. 25 8.07 9.70 12. 15 17. 04 
HONOONCROGUIe Ne irae a Ute yh ake ait serie eran 4. 48 5. 29 6.51 8.96 
IRE Cane Sas eae ee ee se eee eat Se | 5. 42 5. 97 7. 06 8. 69 11. 95 

SUC) Ea eaeshg eg 5d at cif gen aR a 8. 14 8.95 10. 58 13.03 § 17. 92 

U2 OO utes COO Cee a ke fe a eae a cen | 4. 66 5. 07 5. 88 7.10 9. 55 
IVES CTE oN oud Ey Air eyes ee Laas 6. 21 6. 75 7. 84 9. 47 12. 73 

UXO YG) patheay ak eS HEA NEI U Eisele eM aay ehh ie AL OPE 9. 32 10. 13 IG 14. 21 19.10 

VOOM GO Oe rece nas ey ee ore ONE Pee Ah, Specks 5. 54 5. 95 6. 76 7.99 | 10. 43 
INGEEYG Dub aati tence aes se rit SR Ee eee 2 a ee 7. 39 7. 93 9. 02 10. 65 13. 91 

2 OO Tene ee a A i Sg IS AN ee 11. 08 11. 90 13. 53 15. 97 20. 87 

ZO NOOR GOO Gee Cie ape cee cee eR Meee 7.01 7.42 8. 24 9. 46 11. 91 
! , ) 12. 61 15. 87 

23. 81 

25. 00 3. 38 
17. 84 

26. 76 


1 Good sites should yield 20,000 board feet to the acre, medium sites, 15,000, and poor sites 10,000 in 60 years. 


If $15 a thousand board feet is conservatively estimated as the probable maximum. 
stumpage value for Norway and northern white pine saw timber at 60 years, the figures 
less than $15 (those above the heavy line) indicate that it will earn 3 per cent compound 
interest except where taxes exceed 70 cents, and where the combined cost of planting and 
land value is over $25; and 4 per cent only where taxes do not exceed 40 cents an acre, 
meres he combined cost of planting and land value is not over $15, and where the site 
is good. 
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TasBLeE 12—Norway and northern white pine stumpage values per M feet, 
60 years—Continued 


TO EARN 4 


Cost of 
planting 
plus land 

value 
per acre 


$5. 50 


6. 50 


7. 50 


8. 50 


10. 00 


Site quality 


PER CENT 
| Stumpage values 
to annual taxes 
fire protection 
| 15 cents | 20 cents 
$4. 58 $5. 17 
6. 10 6. 90 
9. 16 10. 35 
5. 10 5. 70 
6. 81 7. 60 
10. 21 11. 40 
5. 63 6. 22 
deol 8.30 
1 1128 | 4 1deab 
| 6. 16 6. 75 
8. 21 9. 00 
12. 31 13. 50 
6. 94 . 4 
. 26 . 05 
13.89 [| 15. 08 


16. 27 17. 07 
24. 41 25. 60 
14. 83 15. 43 
19. 78 20. 57 
29. 67 30. 86 


per M, classified according 
in cents per acre plus 5 cents 


30 cents | 45 cents | 75 cents 
$6. 36 $8. 15 $11. 72 
8.48 | 10. 86 § 15. 62 
12.73 16. 30 23. 44 
6. 89 | 8. 67 12. 24 
9.18 | 11. 56 J 16. 32 
13.78 § 17. 35 24. 49 
7. 41 9. 20 12. 77 
9. 89 12. 27 j 17. 03 
14. 83 J 18. 40 | 25. 54 
7. 94 9. 73 13. 30 
10. 59 12. 97 17. 73 
} 15. 88 19. 45 26. 59 
8. er 14. 08 
ik . 02 18. 78 
is 21.03 28.17 
15. 14 
20.18 
30. 27 
16. 71 
22, 29 
33. 43 
: 19. 34 
18.65 { 21.08 25. 79 
27. 98 31. 55 38. 69 
16. 62 18. 40 21. 97 
22. 16 | 24. 54 29. 30 
36. 81 43. 95° 


33. 24 | 
| 


Tf $15 a thousand board feet is conservatively estimated as the probable maximum stumpage value for 
Norway and northern white pine saw timber at 60 years, the figures less than $15 (those above the heavy 
line) indicate that it will earn 3 per cent compound interest except where taxes exceed 70 cents, and where 
the combined cost of planting and land value is.over $25; and 4 per cent only where taxes do not exceed 40 
cents an acre, where the combined cost of planting and land value is not over $15, and where the site 


is good. 


) 
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TABLE 13.—Norway and northern white pine stumpage values per M board feet, 
60 years 


TO EARN 5 PER CENT 


Stumpage values per M, classified according 


Cost of to annual taxes in cents per acre plus 5 cents 

planting ; : fire protection 
plus land | Site quality ! 
value 

per acre 15 cents | 20 cents | 30 cents | 45 cents | 75 cents 

SEaTOM Geode ot ae. _. > Sear oeters $7. 69 $8.57 | $10.34] $12.99 $18. 30 

1, SEE TTe See TS eel eee 10. 25 11. 43 13.79 17.32 24. 39 

PEO naire) eee 15. 38 17. 15 20. 68 | 25. 98 36. 59 

Bes eGhade. 5 Ve Se 20) RO mee. Oe | 8. 62 9.51 11, 27 13. 93 19. 23 

i 7 re Bag re eat 11. 50 12. 68 15. 03 18. 57 25. 64 

aor oak sae enn een ene oot) 17.25 19. O01 22. 55 97. 85 38. 46 

FATA 4) VExay geo cea pRB BS Teale PS Rae el SE 9. 56 10. 44 12, 21 14. 86 | 20. 16 

Teva ATAU ES St re SL lin ie Ss eas ane 12. 74 13. 92 26. 89 

TEGO cS 2 RS Es ae ee 19. 11 20. 88 40. 33 

REP Gain memeces SP pel ae ke | 10.49 11. 37 13. 14 15. 79 21.10 

iii Re Aa a eee | 13.99) 15.17 17. 52 21. 06 98. 13 

Bag eee oes eee ek 20. 98 22. 75 26. 28 31. 59 42. 20 

PUNOON COUR es = een ee SR ee t= ~ 1189 12. 78 14.549 17.20 22. 50 

Dikerdatniviee wate he Mee aig >. Aeoae EN Sunk 15. 86 17.03 | 19.39 22. 93 30. 00 

BROn el aa ee sh ist ee Melee owe. bs 23. 78 25. 55 | 29. 09 34. 39 45. 00 

AOXDOMIEG DOS ee ee he ee es ot (et 789376 14.644 16.41 19. 06 24. 37 

21. 88 25. 42 32. 49 

32, 82 38. 13 48.73 

15. 00 19, 21 21. 87 FEAT 

25. 62 29. 15 36. 23 

38. 43 43.7 54. 34 

20. 00 23. 88 26. 53 31. 84 

31. 84 35. 38 42. 45 

47.77 53. 07 63. 68 

25. 00 98. 55 31. 20 36. 51 

38. 07 41.61 | 48. 68 

57. 11 62.41 | 73. 02 


1 Good sites should yield 20,000 board feet to the acre, medium sites 15,000, and poor sites 10,000 board 
feet in 60 years. 
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TABLE 13.—Norway and northern white pine stumpage values per M board feet, 
60 years—-Continued 


Cost of 
planting 
plus land 

value 
per acre 


8. 50 


10. 00 


12. 00 


15. 00 


20. 00 


25. 00 


TO EARN 6 PER CENT 


Site quality 


Stumpage values per M, classified according 
to annual taxes in cents per acre plus 5 cents 


fire protection 


15 cents | 20 cents | 30 cents | 45 cents | 75 cents 
$12. 97 $14. 30 $16. 97 $20. 97 $28. 96 
17. 29 19. 07 22. 63 27. 96 38. 62 
25. 94 | 28. 61 33. 94 41.95 57. 93 
14, 62 J 15. 95 18. 62 22. 62 30. 61 
19. 49 21. 27 24. 82 30. 16 40. 82 
29. 24 31.91 37. 24 45. 23 61. 23 
16. 27 17. 60 20. 27 24. 27 32. 26 
21. 69 - 23.47 27. 02 32. 35 43. 02 
32. 54 35. 20 40. 54 48. 53 64. 53 
17. 92 19, 25 21. 92 25. 92 33. 91 
23. 89 25. 67 29. 22 34. 55 45. 22 
35. 84 38. 50 43. 83 51. 83 67. 83 
20. 39 21. 73 24. 39 28. 39 36. 3 
27.19 28. 97 32. 52 37. 85 48. 52 
40. 79 43. 45 48. 78 56. 78 TPA 
23. 69 25. 02 27. 69 31. 69 39. 69 
31. 59 33. 37 36. 92 42. 25 52. 91 
47. 38 50. 05 55. 38 63. 38 79. 37 
28. 64 29. 97 32. 64 36. 64 44, 63 
38. 19 39. 96 43. 52. 48. 85 59. 51 
57. 28 59. 95 65. 28 73. 27 89.27 - 
36. 89 38. 22 46. 89 44, 88 52. 88 
49.18 50. 96 54. 51 59. 85 70. 51 
(Bs 17 76. 44 81. 77 89. 77 105. 76 
45. 13 46. 47 49.13 53. 13 61.13 
60. 18 61. 96 65. 51 70. 84 81. 50 
90. 27 92. 93 98. 26 106. 26 122. 26 


If $15 a thousand board feet is conservatively estimated as the probable maximum stumpage value for 
Norway and northern white pine saw timber at 60 years, the figures less than $15 (those above the heavy 
line) indicate that it will earn 5 per cent compound interest only where taxes do not exceed 40 cents an 
acre, where the combined cost of planting and land value is not over $15, and where the site is good or 
medium; and 6 per cent only where taxes do not exceed 15 cents an acre, where the combined cost of planting 
nd land value does not exceed $6.50, and where the site is good. 
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TABLE 14.—Norway and northern white pine stumpage values per M board feet, 
S80 years 


Cost of 
planting 
plus land 

value 
per acre 


$5. 50 


6. 50 


7. 50 


8. 50 


10. 00 


12. 00 


TO EARN 3 PER CENT 


Site quality ! 


Stumpage values per 


M, classified according 


to annual taxes in cents per acre plus 5 cents 


fire protection 


15 cents | 20 cents | 30 cents | 45 cents | 75 cents 
$2. 99 $3. 45 $4. 37 $5. 75 $8. 50 
4.19 4, 83 6.12 8.05 11. 90 
6. 98 8.05 10. 20 13. 41 19. 84 
3. 30 3. 76 4. 67 6.05 | 8. 81 
4. 61 5. 26 6. 54 8. 47 12. 33 
7. 69 8. 76 10. 90 14. 12 
3. 60 4.06 4, 98 6. 35 
5. 04 5. 68 6. 97 8. 
8. 40 9. 47 11. 61 14. 
3. 90 4. 36 5. 28 6 
5. 47 6.11 7. 39 eh 
eel 10. 18 12. 32 15. 54 
4, 36 4. 82 5. 74 dat 
6. 10 6.75 8.03 9. 96 
10. 17 11. 25 13. 39 16. 60 
4. 97 5. 43 6. 35 7. 72 10. 48 
6. 96 7. 60 8. 88 10. 81 14. 67 
11. 59 12. 66 14. 81 18. 02 | 24. 45 
5. 88 6. 34 7. 26 8. 64 | 11. 39 
8. 23 8. 88 10. 16 12. 09 15. 95 
13. 72 14. 79 16. 93 20.15 26. 58 
7.40 7. 86 8.78 10. 16 12. 91 
10. 36 11.00 | 12. 29 14, 22 18. 07 
17. 27 18. 34 | 20. 48 23. 70 | 30. 12 
8. 92 9. 38 10. 30 11.68 | 14. 48 
eS ee ee 
20. 82 21.89 { 24.03 | 27. 24 | 33. 67 


1 Good sites should yield 35,000 board feet, medium sites 25,000, and poor sites 15,000 board feet at 80 years. 


If $20 a thousand board feet is conservatively estimated as the probable maximum 
stumpage value for Norway and northern white-pine saw. timber at 80 years, the figures 
less than $20 (those above the heavy line) indicate that it will earn 3 per cent compound 
interest where taxes are less than 40 cents an acre, except where the combined cost of 
planting and land value is over $20 and the site poor; 4 per cent in general where taxes 
are less than 40 cents an acre, where the combined cost of planting and land value does 
not exceed $15, and where the site is good or medium. 
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TABLE 14.—Norway and northern white pine stumpage values per M board feet, 
80 years—Continued 


TO EARN 4 PER CENT 


| 
Stumpage values per M, classified according 
Cost of to annual taxes in cents per acre plus 5 cents 
planting ? [ fire protection 
plus land Site quality 
value 
Pen aere 15 cents | 20 cents | 30 cents | 45 cents | 75 cents 
Fa SAY Ee eS SP Sa Oe vr | eee AES oes 5 Cr 
Sr 00} Wenge. 2 6 elgg) as de ee ee aut $5.93 $6. 71 $8. 29 | $10.65 | _ $15. 38 
T,1 Ste io ha sage ok ge ER ey Ne ee Sle ee 8. 30 9. 40 11. 61 14. 91 ! 21. 53 
POOR | aE a ee Ae 13. 83 15. 67 19. 34 24. 86 35. 88 
BODO epee ate Ae Ae eke oS ot 6. 59 7.37 
VSS GRE URE re te 28 on eRe erg) ee en ad | 9. 22 10. 32 . 
EPRTEML eee SRN 1 ree OO Rk Lae on get [e153 17. 20 4 
TE RD Ee B15 Eee oe ee ee pea AS a eee 7. 24 8. 03 
TX O55 AV ry NR al Ot 8 ER Bee 10. 14 11. 24 
JETT e Se COC PEL ere eee eee ee 16. 90 18. 74 
SEG Lt S773 EU SS Oe ee nee ee ane 7.90 | 8. 69 . : : 1 
1 PEPE TE 1a We SO es et oa os ook 5 ee ere 11. 06 iPad id 4, 17. 68 24, 29 : 
OTe er Re et Ce a ea Sere | 18. 44 J 20. 28 23 29. 47 40. 49 t 
CATS 8 E27 a eR ao a Se PS 8, 89 | 9.68 | ; 
De Wheschagy rr Sie es EB ee 12. 45 | 13. 55 75 | f . 
TROY Ad 2 MN se aN TARRY SESE eNO gS eae ee a 20.75 | 22. 58 26. 26 | 31.77 42. 80 { 
PZ OO DGGE Hoa" 2 ai Be od ee a 0. 21 | | 
yh rE S71 eS ee Re ee 4, 29 3 
POOR ee Pee Re BI oe we | . 82 | 
PE PINE (3 ovat le ea i i ec | 12.18 | 12. 97 | : ' ; 
leNicehu ae wee eee ol 17.06 | 18.16 [oe oe | 
JET G)r 2 See ae ee ee 5 eee Se 28. 43 30. 27 : ! 


X 7 24. 97 90 

(EOE! teak eer. ee Se 37. 95 | 41. 62 47,14 58. 16 

PASTY TMD tg S339 14 er ee a ear a ie an RIAN 18. 77 19. 56 21.13 23. 49 28. 22 
ied repr ipa fa Sa ae A 26. 28 | 27. 38 29. 58 32. 89 39. 51 

OO wie eee en a ee ee oe 43. 80 | 45. 63 49, 31 54. 82 65. 85 


If $20 a thousand board feet is conservatively estimated as the probable maximum stumpage value for 
Norway and northern white-pine saw timber at 80 years, the figures less than $20 (those above the heavy 
line) indicate that it will earn 3 per cent compound interest where taxes are less than 40 cents an acre, ex- 
cept where the combined cost of planting and land value is over $20 and the site poor; 4 per cent in general 
where taxes are less than 40 cents an acre, where the combined cost of planting and land value does not 
exceed $15, and where the site is good or medium. 
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TABLE 15.—Norway and northern white pine stumpage values per M board feet, 
80 years 


TO EARN 5 PER CENT 


Stumpage values -per M, classified according 


Cost of to annual taxes in cents per acre plus 5 cents 
planting : l fire protection 
plus land Site quality ! 

value 

per acre 


15 cents | 20 cents | 30 cents | 45 cents | 75 cents 


$5. 50 $13, 28 
6. 50 
7.50 
IModinimeeeehes UbCnte an on lors 4 20. 62 29. 56 26. 44 32. 27 43, 93 
TEX RYOTE Se iy Oey RON YS es 2 Tea aie | ats meer 34. 36 37. 60 44.07 53. 78 78% 
RURONIGOG MM ere ie ea tk emit: 2 16.14 17. 53 le 20. 30 24. 47 32. 79 
Med iaianeses age tant ed ee ial D4. 54 28. 43 34, 25 45, 91 
TEV Bae a ee ir DRS EG er AT 37. 66 40. 90 47. 38 57.09 76.51 
TNA | elite Bie RS eae ee 18, 27 19. 65 22, 43 26. 59 34, 92 
ICI Ss er ea tebe eben reek ee 25.7 37. Bl 31. 40 37. 23 48, 88 
Poor eee ee Lo” WER Ae OT 49, 62 45, 86 52. 33 62. 04 81.47 
PO OOARCond ae tea ek nee Tr ee oie10 22, 49 25. 26 29, 42 37.75 
IMECHE 8 CR eee ee RON TL 29. 54 31. 48 35. 36 41.19 52. 85 
Door: So ee ote WI CUE aa, 49. 23 52. 47 58. 94 68. 65 88. 08 
TROD RG COduaore ae he an eng ee 25. 35 26. 73 29. 51 33. 67 42. 00 
ITOH ITs (ah gh eed LU oe I 35, 48 37. 43 41.31 47.14 58. 79 
Poorest ae lemurs Wer ws co 59. 14 62. 38 68. 85 78. 56 97.99 
ATED Dic (CG aTIYG ieee ee 32. 43 33. 81 36. 59 40. 75 49. 08 
iodine cer awn ts om ates 45, 40 47. 34 51. 22 57.05 68. 71 
TEST Doe eg at pa Wat Ole 75, 66 78, 90 85. 37 95. 09 114.51 
ENO a(R Ue ee wt ee mca TR 28 T 39. 51 40. 89 43. 67 47. 83 56. 16 
Riedinnpes eer Me me 55. 31 57. 25 61.14 66. 96 78. 62 
OCR ah Meee kd 92. 18 95.42 | 101.89| 111.61 131. 03 


1 Good sites should yield 35,000 board feet, and medium sites 25 000 board feet at 80 years. 


If $20 a thousand board feet is conservatively estimated as the probable maximum stumpage value for 
Norway and northern white pine saw timber at 80 years, the figures less than $20 (those above the heavy 
line) indicate that it will earn 5 per cent compound interest in general where taxes are less than 25 cents 
an acre, where the combined cost of planting and land value does not exceed $10, and where the site is good 
or medium. Even with taxes, planting cost, and land value at a minimum and high yields on good sites, 
Norway and northern white pine stumpage values of $20 in 80 years will not earn 6 per cent compound 
interest. 
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TABLE 15—Norway and northern white pine stumpage values per M board feet, 
80 years—Continued 


TO EARN 6 PER CENT 


Stumpage values per M, classified according 


Lal 
al 
(a) 
=r 
Ss 
B 
! 

i} 

i} 

i} 

1 

1 

| 

i] 

i] 

| 

i) 

i} 

i} 

i] 

' 

' 

! 

i} 

i) 

} 

i} 

' 

' 

i} 

i) 

i} 

' 

' 
—_ 


Cost of to annual taxes in cents per acre plus 5 eents 
planting | < ’ fire protection 
plus land | Site quality 
value | 
per acre 15 cents | 20 cents | 30 cents | 45 cents | 75 cents 
oy ESS ER ee Nea et a ee = 
Se cdibiniGateteks on SAD a ee $24.05; $26.55) $31.54] $39.03 $54. 
[Lec errr Sees oie oo I SENS SE 33. 68 37.17 | 44.16 54. 64 75.59 
Goi aends 3 ave Pee en ee ee 27.08 29. 57 34. 56 42.05 57.02 
fir cis, {Ti FiTT ee ane ORCL Dita Umea? 37.91 41. 40 48. 39 58. 87 79. 83 
750 Onde. Urmewmienmetenremerbmuad EE 30. 10 32. 59 37. 59 45.07 60. 04 
Median: 0a a ee ee 42.14 45. 63 52. 62 63. 10 84.06 
TG) CPi taal, Meanie Seeman eee Smo me ge | 33.12 35. 62 40.61 48. 09 63. 06 
UIST Tiitt ee eee ee ee ee | 46.37 49. 86 56. 85 67. 33 88. 29 
SITTIN Eo SFP cel ga eo I Sober vel 37. 66 40.15 45,14 52. 63 67. 60 
Mediniieicmeteen ba ee 52.72 | 56.21 63. 20 73. 68 94. 64 
BAYT Ts N= 2 DR a ae TS Ae | 43.70! 4620] 5139! 58.67 73. 64 
MOEN Tfiiai) DEMO oS ea <2 Ty tf; eared | 6468| 71.66] 8214] 103.10 
NGuLD | Mer ieeesaeesammetes TSM Le Meter denes 24 52.77 55.27 60. 26 67. 74 82. 71 
Mletiurii) 2a be Naan ce See i 73. 88 77.37 84. 36 94. 84 115. 80 
| | 
STC TE Cire Ea a Ne nea ee oor 67.88|  70.38| 75.37, 8286 97. 83 
Riedie ies be Cp dee torn uae | 95.04 98.53 | 105.52] 116.00 136. 96 
25.00 | Bhp A eee a ps Bere ed er 8d | $3.00 | 85. 49 90. 48 97. 97 112. 94 
| 16.20 | 119.69 | 126.68 | 137.16| 158.12 
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TABLE 16.—White spruce stumpage values per cord, 80, 60, and 50 years 
TO EARN 3 PER CENT 


Stumpage values per cord, classified according to 
annual taxes in cents per acre plus 5 cents fire 
protection 


15 cents | 20 cents | 30 cents | 45 cents | 75 cents 
$2. 88 $3. 29 $4.09 § $5.29 $7. 70 
2. 03 2. 30 2. 84 3. 66 t 5. 29 
1. 74 1. 96 2. 41 3. 09 | 4, 44 
3h 15) 3. 55 4. 36 5. 56 7.97 
2. 22 2.49 3. 04 3.85 § 5. 48 
1.91 2.14 2.59 3. 
3.42 | 3.82 — 4.62 ii 

2. 42 2. 69 3923 4 . 68 
2. 09 2.31 2.76 3. 44 | 4.79 
3. 82 4,22 | 5. 02 6. 23 8. 64 
Drill 2. 98 3.53 4, 34 5. 97 
2. 35 2. 58 3. 03 3. 70 5. 06 
4,35 4.75 { DOD 6. 76 | 9.17 
3.11 3. 38 3. 92 4,74 6. 37 
2.70 2. 93 3. 38 4.05 5.41 
i 115) 5 6. 35 7. 56 9. 97 
3. 69 3. 97 4.51 | 5. 32 6. 96 
3. 23 3. 45 3. 90 4,58 j 5. 93 
6. 48 6. 88 7. 68 8. 89 11. 30 
4. 68 4, 95 5. 49 6. 31 7. 94 
4,10 4, 33 4.78 5. 46 6. 81 


TO EARN 4 PER CENT 


Cost of 
planting : 
plusland| Age tod 
value per Pe 
’ acre 
Years | Cords 
$6. 50 80 40 
60 30 
50 25 
7. 50 80 40 
60 30 
50 25 
8. 50 80 40 
60 30 
50 25 
10. 00 80 40 
60 30 
50 25 
12. 00 80 40 
60 30 
50 25 
15. 00 80 40 
60 30 
50 25 
) 20. 00 80 40 
60 30 
) 50 25 
$6. 50 80 40 
60 30 
50 25 
7. 50 80 40 
60 30 
50 25 
8. 50 80 40 
60 30 
50 25 
10. 00 80 40 
60 30 
50 25 
12. 00 80 40 
60 30 
50 25 
| 15. 00 80 40 
| 60 30 
| 50 25 
20. 00 80 40 
60 30 
50 25 


$5. 76 $6.45 | $7.83 _| $9.90 | $14.03 
340i] | 1) 3080 4.59 §___5.78 8. 16 
2. 68 2.99 S560) Meeaaeozniag 6135 
6.34 7..03 8.41 10. 47 14. 61 
3.75 4.15 4.94 | __6.13 8. 51 
2.97 3.27 3.88 4.80 1 6.63 
6. 92 7.60 8. 98 11.05 15. 18 
4,10 4,50 | __5.29 6.48 8. 86 
B25 3.56 | 417 4 5.08 6.92 
7.78 8.47 9. 85 11.91 16. 05 
Pmrayos mig a5:108 5.82 7.01 9.39 
3k68 epee 3 OSM a 4c0mIp nate OL 7.34 
8, 93 9. 62 11.00 | 13.07 17. 20 
ag. 5.73. 6. 52 7.71 10. 09 
4.55 5.16 6.08 7.91 

10.66 | 11.35 12. 73 14.80 | 18.93 
6. 38 6. 78 7.57 8.76 11.14 
5. 10 5. 41 6.02 6.93 8.75 
13. 54 14, 23 15. 61 17. 68 21. 81 
8.14 8. 53 9. 33 10. 52 12. 90 
6. 52 6. 83 7.44 8.35 10. 19 
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If $5 a cord is conservatively estimated as the probable stumpage value of white spruce in 50 to 80 years, 
the figures less than $5 (those above the heavy lines) indicate that it will earn 3 per cent compound inter- 
est In general where taxes do not exceed 40 cents, where cost of planting and land value does not exceed $20, 


and where it will produce not less than 25 cords in 50 years or 30 cords in 60 years; where taxes are not 
over 25 cents, where the cost of planting and land value does not exceed $12, and where it will produce 
_ not less than 40 cords in 80 years; and 4 per cent only where taxes do not exceed 25 cents, where cost of 
| planting and land value does not exceed $10 per acre, and where it will produce not less than 25 cords iu 
50 years or 30 cords in 60 years. 
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TABLE 17.—White spruce stumpage values per cord, 80, 60, and 50 years 
TO EARN 5 PER CENT 


Stumpage values per cord, classified according to 
ac tae annual taxes in cents per acre plus 5 cents fire 
an. Yi ‘otecti ; 
plusland| Age eee Dag 4 
value per dana 
KOE 15 cents | 20 cents | 30 cents | 45 cents | 75 cents 
Years | Cords 
$6. 50 80 40 $11. 65 $12. 86 $15. 29 $18. 93 $26. 21 
60 30 , : 7h 53 9, 28 12. 82 
50 25 5 41 6. 67 9. 18 
7. 60 80 40 16. 53 20. 17 27. 45 Hl 
60 30 8. 14 9, 91 18. 44 1 
50 25 5. 87 7.13 9. 64 ) 
8. 50 80 40 17. 77 21. 41 28. 69 | 
60 30 8. 76 10. 53 14. 07 ] 
50 25 6. 33 7. 59 10. 10 | 
10. 10 80 40 19,62, | 2327 ||) 3055 ) 
60 30 9. 70 11. 46 15. 00 
50 25 7. 02 8. 28 10. 79 : 
12. 00 80 40 22. 10 25. 74 33. 03 
60 30 10. 94 12. 71 16. 24 
50 25 7. 94 9, 19 11. 70 
15. 00 80 40 25. 82 29. 46 36. 75 
60 30 12. 81 14. 58 18. 11 
50 25 9. 31 10. 57 13. 08 
20. 00 80 40 32. 01 35. 66 42. 94 
60 30 15. 92 17. 69 21. 23 
50 25 11. 61 12. 86 15. 37 
TO EARN 6 PER CENT 
$6. 50 | 80 40 $23. 69 $25. 88 $30. 24 $36. 79 $49. 89 
60 30 9. 75 10. 64 12, 41 15. 08 20. 41 
50 25 6. 45 7. 03 8.19 9. 94 13. 42 
7. 50 80 Ade lin 2634) 1\)..28.152) 182089) |nl 39844 li inoue 
60 30 10. 85 11. 73 13. 51 16. 18 21. 51 
50 oy, P45) 7.19 7.77 8. 93 10. 67 14. 16 
8. 50 80 40 28. 98 31.17 35. 53 42. 08 55. 18 
60 30 11.95 12. 83 14. 61 17. 28 22. 61 
50 25 7. 92 8. 50 9, 67 11. 41 14. 89 
10. 00 80 40 32. 95 35. 13 39. 50 46. 05 59. 15 
60 30 13. 60 14. 48 16. 26 18. 93 24, 26 
50 25 9. 03 9, 61 10. 77 12. 51 16. 00 
12. 00 80 40 38. 24 40. 42 44. 79 51. 34 64. 44 
60 30 15. 79 16. 68 18. 46 PNG lls} 26. 46 
50 25 10. 50 11. 08 12. 25 13. 99 17. 47 
15. 00 80 40 46. 17 48. 36 OZ ie 59, 27 TPR BE 
60 30 19. 09 19. 98 21. 76 24. 42 29. 76 
50 25 12, 71 13, 29 14. 46 16, 20 19. 68 
20. 00 80 40 59. 40 61. 58 65. 95 72. 50 85. 60 
60 30 24. 59 25. 48 27. 26 29. 92 35. 25 
50 25 16. 40 16. 98 18. 14 19. 88 23. 37 


If $5 a cord is conservatively estimated as the probable stumpage value of white spruce in 50 to 80 years, 
the figures less than $5 indicate that it will earn 5 per cent compound interest only where taxes do not 
exceed 15 cents a acre, where cost of planting and land value do not exceed $7.50 an acre, and where it will 
produce not less than 25 cords per acre in not over 50 years. Even with taxes, cost of planting, and land 
value at a minimum, white spruce at $5 stumpage value will not earn 6 per cent compound interest. 
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TABLE 18.—Jack pine stumpage values per cord, 40 years 


TO EARN 4 PER CENT 


Stumpage values per cord, classified according 


Cost of to annual taxes in cents per acre plus 5 cents 
planting ‘ : fire protection 
| plus land Site quality ! 
value 
per acre 15 cents | 20 cents | 30 cents | 45 cents | 75 cents 
SH WSO GOO eke tee el os A a ee $0. 97 $1. 09 $1. 32 $1. 68 $2. 39 
Vite GUT St hak he ENN aie Sess 1. 29 1.76 
D200) REE ee ORINE aia aoa re iy ee Le ye Sop 5 ae aE 2. 58 3. 53 
GR5ON MGoode 220 Ak we Sa RS Ree ee 1.09 He, 
TN ira PN AR A SD oh 1.45 1. 
UO Teg gay Sia) A ELUNE a 2. 90 ah 
7. 50 1, i 
if P4 
3. 4, 
10. 00 1. Te 
2. 2, 
4, 4. 
12. 00 Me 7, 
2) 72; 
5. 
15. 00 2. 
3. 
6. 


$5. 50 
07 
6. 50 45 
27 
54 
7. 50 63 
. ol 
01 
10. 00 07 
. 09 
. 18 
12. 00 42 
. 56 
12 11. 54 
15. 00 95 4. 85 
27 6. 47 
sips eS pe eet SN een 3 eee eee S | 10. 53 12. 95 


1 Good sites should yield 40 cords, medium sites 30 cords, and poor sites 15 cords in 40 years. 
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TABLE 18.—Jack pine stumpage values per cord, 40 years—Continued 


TO EARN 6 PER CENT 


| 


Stumpage values per cord, classified according 


Cost of to annual taxes in cents per acre plus 5 cents 
planting } f fire protection 
plus land Site quality 
value 
Is BON 15 cents | 20 cents | 30 cents | 45 cents | 75 cents 
S535 Oe GOO Geeta ea Si tsk peek le aa eee ae $1. 94 $2. 14 $2. 52 4 $3. 11 $4. 27 
IN GAUL TT GU Ls OUR Rape eC A Sd iN LA 2. 59 2. 85 fj 3.37 4.14 5. 69 
J POY 0) cyst aad San ay eeemeta neyo ne Sela cA MIEN Uy OO See) ae A A | 5. 19 | 5. 70 | 6. 73 8. 28 11.38 
C750 GOOG Lee ee STi MILT MAGES DE SHS Setter a a 2. 20 2. 40 2. 78 H 3. 36 4, 52 
IMiediummee etme homens fies [Socom aya 4. 48 6. 03 
EXO ea UR NU Se eg Ts a ARR ge i age 5. 87 6. 39 7.42 8. 97 12. 06 
E7ee SON COO Ces ain panes es tare Lee eae SALA a | 2. 46 ae 3. 04 3. 62 4.78 
MV Tre GUT ae a ea ee EG AG ALI 3. 28 3. 54 4.05 4, 83 6. 37 
OOK Pea ae eS RET NAHE SO he oa ee NA 6. 56 7. 07 8. 10 9. 65 12. 75 
RONOOR 4 GOO 222 bk te rae yo VS ee BL ee eS 3. 10 3. 30 3. 68 4, 26 5. 42 
Vite Ga Una eae: Rie MEd SL Ne aes aii ae 4.14 4. 39 4.91 5. 68 983 
POO eset RE aE Rain haa PUNE A ell 8. 27 8.79 9. 82 11. 37 14, 46 
HOO WO COUr ts aE soe ee eee eee noe see 3. 62 3. 81 4, 20 4,78 5. 94 
ANT CL UMTS AE ET A eps aa 4. 82 5. 08 5. 60 6. 37 7. 92 
JEXOYay ri enna KEN SUB ke om Ne eis ean Cg RP aah Ce ay) 9. 64 10. 16 11.19 12. 74 15. 83 
HO OWI GRO OCs Pa miieg | Shad Merrene iE) LI pn 4.39 4.58 4,97 5. 55 6. 71 
AN Ae Uta eee i at 5. 85 6. 11 6. 62 7. 40 8. 95 
OT ete pT | MEAL MP A ae A a 11. 70 12. 22 13. 25 14. 80 17. 89 


If $3 a cord is conservatively estimated as the probable maximum stumpage value of jack pine in 40 
years, the figures less than $3 (those above the heavy line) indicate that it will earn 4 per cent compound 
interest in general where taxes are less than 40 cents an acre, where the combined cost of planting and land 
value does not exceed $15 an acre and where the site is good or medium; 5 per cent, in general, where 
taxes are less than 25 cents an acre, where the combined cost of planting and land value does not exceed 
$10 an acre, and where the site is good or medium; and 6 per cent, in general, where taxes are less than 
25 cents an acre, where the combined cost of planting and land value does not exceed $7.50 an acre, and 


where the site is good. 


COMMON AND SCIENTIFIC NAMES OF TREES MENTIONED IN THE TEXT 


Common name Scientific name 
780) (6 (pe Ue st en se Alnus incana (L.) Willdenow. 
Amenricanelms sl oo ay Ulmus americana L. 
TANS OY Ege Ss Sg Populus tremuloides Michx. 
AUstiian) pines. 40 07 lia Pinus nigra, Arn. yar. austriaca Schneid. 
1 BEIGE 001 a1 ens aCe a CO Abies balsamea Mill. 
Balsam poplar seo ie ie Populus balsamifera Linn. 
BASSWOOGE ] 2. LMesbenienrnmencinian Tilia glabra Ventenat. 
J BX (exe) 0) La My aN RAND Na SPAN a a te Oe i Fagus grandifolia Ehrhart. 
[Bleek 2s) oY aan a Rar Fraxinus nigra Marsh. 
iBlaekacherry 2h 0 ice Prunus serotina Ehrh. 
Blackilocustn iin oe Robinia pseudoacacia L. 
Bisekispruce:). 22 see ae Picea mariana (Mill.) B.S. P. 
Blackiwalnut 2 ie ee Juglans nigra L. 
RIE USPEUGe a ih i oy Bao Ni Picea pungens Engelm. 
Orme Geta oes Ecard ee Ua Acer negundo L. 
EMU Oe Kom yey a oy ee Quercus macrocarpa Michx. 
YEA OR BUSS PION i tah Nf lg Nay i Juglans cinerea L. 
Douslasetines io ii sae Ue eine Pseudotsuga taxifolia (Lam.) Britton. 
Eastern cottonwood_-_-_-__---- Populus deltoides Marsh. 
BHastern hemlock. _..._._-.-- Tsuga canadensis (Linn.) Carr. 
Eastern red cedar_________-- Juniperus virginiana L. 
Engelmann spruce__-_-_-—_------ Picea engelmannii Engelm. 
Huropeanwarch: 225 Yalu ee Larix decidua Mill. 
Gieemmash re ssi Gu. es eats. Frazinus pennsylvanica lanceolata Sarg. 
Hardy) catalpal le so ge 2 LA Catalpa speciosa Warder. 
Honey locust. 2352552525005 Gleditsia triacanthos L. 


DACKVOR Kies iene Wh ces ll eee Quercus ellipsoidalis EK. J. Hill. 
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Common name Scientific name 
Jacko pinewi he <.. ee Pinus banksiana Lamb. 
Lodeepole;pines222 52 eras Pinus contorta Loud. 
SINK @ fan fies ay ee ea Re Abies nobilis Lindl. 
Northern white cedar________ Thuja occidentalis L. 
Northern white pine________-_ Pinus strobus L. 
IN OTs Wiaiys POI kas ee ae sr Pinus resinosa Solander. 
INGrway,/Spruce.Ye 20) ie Picea abies (L) Karst. 
Rapersbineliiae, jens ue Lk eee Betula papyrifera Marsh. 
Rein Cherny) Wee oe Prunus pennsylvanica Linn. 
Red maple wie ijt Se Ae Acer rubrum L. 
JRNEVO I ORS kc UN pirat pea a ne Quercus borealis maxima Ashe. 
RUCCES OI CEN a a celg s _ Picea rubra Link. 
Rock (elimi ke etd feet se Ulmus racemosa Thomas. 
Russian poplar seks = Ee Populus petrowskiana Schroeder. 
DeAGIeteOn Kommune al ye Quercus coccinea Muench. 
Seobtelpine seeconiyatas ou Pinus sylvestris L. 
Silvermiapleie. wat ye bh Acer saccharinum L. 
SUA OVA wee ee Le a Acer saccharum Marsh. 
Sycamore maples 2a 40 0 is Acer pseudoplatanus L. 
Rama raek U6 Sar ii Te Larix laricina (Du Rei) Koch. 
Western white pine________~_ Pinus monticola D. Den. 
Western yellow pine________-_ Pinus ponderosa Laws. 
Wilnitesasiians tects oe Tet Fraxinus americana L. 
WWihiteconke. thera Sipe ha hh Quercus alba L. 
WilniGersianuice kaye ees ees Picea glauca (Moench) Voss. 
NViilo weit ee Sree eae Salix sp. 
Winged elim a: ay er Sete Ee Se Ulmus alata Michx. 
Mellow, birch tsetse ee ore Sy Betula lutea Michx. 
Wellowspoplans= 222i ht eee Lirvodendron tulipifera L. 
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(10) 
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